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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
having a MOSFET for high voltage, such as a DMOSFET

(Double Diffused MOSFET), mounted thereon or to an LSI
having a bipolar transistor or CMOSFET 1n addition to the

DMOSFET or the like and to a method of manufacturing the
same.

In recent years, there have been an increasing number of
proposals for mtegrating a semiconductor device of DMOS
transistor (Double Diffused MOS Transistor) structure with
a device of different type.

By way of example, a description will be given to a device
obtained by integrating a semiconductor device of DMOS
structure with a CMOS device with reference to FIGS. 20(a)
and 20(b) and FIGS. 21(a) and 21(b). First, as shown in FIG.
20(a), an N~ drain diffused layer 1002, a P~-well diffused
layer 1003, and an N™-well diffused layer 1004 are sequen-
fially formed on a P-type semiconductor substrate 1000
having a (100) plane as the main surface, followed by the
formation of an isolation 1005 1n the surface of the semi-
conductor substrate 1000 by selective oxidation process for
defining a region in which a DMOSFET 1s to be formed, a
region 1n which an NMOSFET is to be formed, and a region
in which a PMOSFET i1s to be formed.

Next, as shown in FIG. 20(b), gate oxide films 1007 are
formed and a polysilicon film 1008 1s deposited thereon by
low-pressure CVD. After an N™ gate electrode 1008a of the
DMOSEFET, an N7 gate electrode 1008b6 of the NMOSFET,
and an N™ gate electrode 1008c¢ of the PMOSFET are formed
by using a resist film for forming gate electrodes (not
shown), the resist film is removed. Subsequently, a new
resist 1ilm 1009 1s formed so that boron 1ons are selectively
implanted into a region in which a source is to be formed (a
region defined by the dashed curve and the line representing
the surface of the P-type semiconductor substrate 1000) in
an N~ drain diffused layer 1002 of the DMOSFET by using
the resist film 1009 and the N gate electrode 10084 of the
DMOSFET as a mask, followed by a high-temperature
drive-in process, thereby forming a P~ body diffused layer

1014 shown in FIG. 21(a).

Then, as shown in FIG. 21(a), B* ions are selectively
implanted 1nto only the region 1n which the PMOSFET 1s to
be formed by using the resist film 1012 as a mask to control
the threshold of the PMOSFET, thereby forming a P~
diffused layer 1013 for Vt control.

Thereafter, as shown 1n FIG. 21(b), an N™ source diffused
layer 1015 and an N™ drain diffused layer 1016 of the
DMOSFET, an N* source diffused layer 1017 and an N~
drain diffused layer 1018 of the NMOSFET, and a P™ source
diffused layer 1019 and a P™ drain diffused layer 1020 of the
PMOSFET are formed, followed by the formation of metal
interconnections for the respective elements, thereby finish-
ing the device.

In this manner, a composite LSI of a DMOS transistor and
a CMOS ftransistor 1s manufactured.

However, a semiconductor device and a method of manu-
facturing the same as shown in FIGS. 20(a) and 20(b) and

FIGS. 21(a) and 21(b) have the following problems.

(1) In the PMOSFET, the depth of the P~ diffused layer
1013 for Vt control varies considerably since it 1s formed by
forming the N™ gate electrode 1008¢ and then implanting B
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2

ions for Vt control through the gate electrode 1008c. If the
depth of the P~ diffused layer 1013 for Vit control varies 1n
a PMOSFET having such a buried channel structure, the
threshold Vt thereof varies greatly. Accordingly, variations
in the threshold Vt of the PMOSFET are highly dependent
on the film quality and thickness of the gate electrode 1008c¢
which may influence the projected range (Rp) of the
implanted B 1ons. When polysilicon 1s used as a material
composing the gate electrode, 1n particular, a film of uniform
quality cannot be formed because of grain size extremely
difficult to control, which causes significant variations in the
projected range (Rp) of the implanted B 1ons and in the

threshold Vt of the PMOSFET.

(2) As the gate oxide films 1007 become thinner with the
increasing miniaturization of the device, the impurity in the
cgate electrodes 1s diffused into the channel regions through
the gate oxide films 1007 by the high-temperature drive-in

process performed after the formation of the respective gate
electrodes 10084, 10085, and 1008¢ in the DMOSFET,

NMOSFET, and PMOSFET to form the P~ body diffused
layer 1014 of the DMOSFET, which not only causes varia-
tions 1n threshold Vit but also reduces the reliability of the
cgate oxide films, since the impurity 1s diffused through the
cgate oxide films 1007.

To avoid the problems, the individual gate mnsulating films
and gate electrodes of the DMOSFET and CMOSFET have
been formed discretely in the conventional manufacturing
process, which requires two steps of depositing a polysilicon
film and two steps of patterning the polysilicon film, result-
ing 1n increased manufacturing cost and reduced production
yield.

On the other hand, Japanese Laid-Open Patent Publica-
tion HEI 3-205832 discloses another method of manufac-
turing a semiconductor device having a DMOSFET on a
semiconductor substrate.

First, as shown in FIG. 22(a), an insulated gate 1102 made
of polysilicon or like material 1s formed on a surface of an
N-type semiconductor substrate 1101 1n which a drain 1s to
be formed. Then, as shown in FIG. 22(b), a P-type body
diffused layer 1103 1s formed by using the insulated gate
1102 as a part of a mask. Subsequently, as shown 1n FIG.
22(c), a source diffused layer 1104 and a drain contact
diffused layer 1105 are formed by using the insulated gate
1102 as a part of a mask. At this stage, a portion underlying,
the 1insulated gate 1102 and corresponding to a difference 1n
lateral diffusion length between the body diffused layer 1103
and the source diffused layer 1104 forms a channel region
1106, thereby completing the formation of all the diffused
layers. Thereafter, electrodes are formed at respective ter-
minals to complete the device.

As shown in FIG. 22(d), there may be the case where the
drain 1s withdrawn from a lower portion of the semiconduc-
tor substrate 1101. In that case, the drain contact diffused
layer 1105 1s formed over the entire back surface of the
semiconductor substrate 1101.

However, 1n the above conventional method of manufac-
turing a semiconductor device having a DMOSFET, 1t has
been difficult to reduce the on-resistance of the DMOSFET
and suppress the activation of a parasitic bipolar transistor at
the same time.

The on-resistance, which 1s the resistance between the
source and drain of the DMOSFET when the DMOSFET 1s

conducting, 1s desired to be low. To lower the on-resistance,
however, the impurity concentration of the body diffused
layer should be reduced, which may activate a parasitic NPN
transistor using the source, body, drain of the DMOSFET as
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1ts emitter, base, and collector. This 1s because a substrate
current Isub of the DMOSFET serves as a base current of the
parasitic bipolar transistor, so that even an extremely small
substrate current may activate the parasitic bipolar transistor
if the 1mpurity concentration of the body diffused layer 1s
low.

On the other hand, if the impurity concentration of the
body diffused layer 1s increased to suppress the activation of
the parasitic transistor, the impurity concentration of the
channel region near the surface of the body diffused layer 1s
also increased, which increases the on-resistance. Moreover,
the threshold voltage Vth of the DMOSFET 1s disadvanta-
ogeously 1ncreased due to the increased impurity concentra-
tion of the body diffused layer.

SUMMARY OF THE INVENTION

A first object of the present invention i1s to provide a
semiconductor device wherein a miniaturized and high-
performance element such as a CMOSFET 1s reliably inte-
orated with a DMOSFET on a single substrate at low cost by
forming a body diffused layer of the DMOSFET without
performing drive-in diffusion at high temperature, while the
individual elements retain their characteristics, and a method
of manufacturing the same.

A second object of the present invention 1s to suppress the
activation of the parasitic bipolar transistor while reducing
the on-resistance of the DMOSFET 1n a semiconductor
device having a DMOSFET and a method of manufacturing
the same.

To attain the above first object, a first semiconductor
device of the present mnvention 1s implemented based on a
semiconductor device having at least one DMISFET
mounted 1n an active region of a semiconductor substrate
surrounded by an 1solation, wherein the above DMISFET
comprises: a first impurity diffused layer formed by intro-
ducing an impurity of first conductivity type or impurity of
second conductivity type at a low concentration into the
above active region; a gate msulating film formed on said
active region; a gate electrode formed on said gate insulating
film; a source diffused layer formed by introducing the
impurity of first conductivity type at a high concentration
into a portion of the above active region located on one side
of the above gate electrode; a drain diffused layer formed by
introducing the 1mpurity of first conductivity type at a high
concentration into a portion of the above active region
located on the other side of the above gate electrode to be
surrounded by the above first impurity diffused layer; and a
second 1mpurity diffused layer formed by introducing the
impurity of second conductivity type on a concentration
level for threshold control into a portion surrounding the
above source diffused layer and reaching a part of an area
underlying the above gate electrode in the above active
region, the above second impurity diffused layer being apart
from the above drain diffused layer with intervention of the
above first impurity diffused layer.

In the arrangement, when the first impurity diffused layer
1s formed by introducing the impurity of first conductivity
type therein, the first impurity diffused layer functions as a
part of the drain of the DMISFET and the region near the
surface of the second impurity diffused layer containing the
impurity of second conductivity type functions as the chan-
nel region of the DMISFET. On the other hand, when the
first 1mpurity diffused layer 1s formed by introducing the
impurity of second conductivity type therein, the first impu-
rity diffused layer functions as a part of the body diffused

layer of the DMISFET 1n cooperati

1on with the second
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impurity diffused layer and the regions near the surfaces of
the first and second impurity diffused layers function as the
channel region. In either case, a structure which does not
require a high-temperature drive-in process for mtroducing
the 1mpurity of second conductivity type contained in the
second impurity diffused layer into the region underlying the
gate electrode 1s provided since the second impurity diffused
layer 1s formed to reach the inside of the region underlying
the gate electrode. Consequently, the impurity contained in
the gate electrode of the DMOSFET 1s prevented from
penctrating into the channel region of the DMISFET as a
result of the high-temperature drive-in process, which pre-
vents variations in the threshold of the DMISFET and a
reduction 1n the reliability of the gate msulating film.

In the above first semiconductor device, the above second
impurity diffused layer can be formed to have such a profile
that a depth of penetration 1n the above semiconductor
substrate 1s smaller 1n an area of the above active region
underlying the above gate electrode than in the area of the

above active region underlying the source diffused layer.

With the arrangement, the second impurity diffused layer
extending to reach the inside of the region immediately
below the gate electrode 1s obtained by implanting impurity
ions at a normal tilt angle without performing the drive-in
process at high temperature. Since the 1mpurity concentra-
tion becomes particularly low 1n the portion of the second
impurity diffused layer serving as the channel region, the
threshold can be reduced, while the depth and impurity
concentration of the second impurity diffused layer can be
increased 1n the portion underlying the source diffused layer,
so that the activation of the bipolar transistor 1s suppressed.

In the first semiconductor device, the above DMISFET
can be further provided with a third impurity diffused layer
formed by introducing the impurity of second conductivity
type at a high concentration into an area of the above active
region including a deep portion of the above second 1mpu-

rity diffused layer and not including the vicinity of a surface
thereof.

In the arrangement, the base resistance of the parasitic
bipolar transistor using the second impurity diffused layer
containing the impurity of second conductivity type as the
base and using the first impurity diffused layer containing
the 1mpurity of first conductivity type and the source dif-
fused layer as the emitter and collector 1s reduced, since the
third impurity diffused layer 1s connected to the base region.
Consequently, the current amplification factor of the para-
sitic bipolar transistor 1s reduced, the activation of the
parasitic bipolar transistor 1s suppressed, and the property of

withstanding the voltage between the source and drain of the
DMISFET 1s improved.

In the above first semiconductor device, the above first
impurity diffused layer can be formed by introducing the
impurity of second conductivity type therein such that at
least the above first and second impurity diffused layers
function as a body diffused layer.

The arrangement reduces the parasitic capacitance of the

drain diffused layer of first conductivity type of the
DMISFET, so that the operating speed of the DMISFET 1s

increased. If the impurity concentration of the second impu-
rity diffused layer 1s adjusted to be higher than the 1impurity
concentration of the first impurity diffused layer, there can
be obtained a high-voltage-withstand property.

There can further be provided a protective film formed on
the above gate electrode and having a function of inhibiting
the penetration of 1impurity 1ons.

In the arrangement, the 1mpurity 1ons of second conduc-
fivity type being implanted to form the second impurity
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diffused layer penetrate 1nto the gate electrode from the side
face thereof to reach a portion of the region underlying the
cgate electrode at a given depth laterally away from the edge
on the source side of the gate electrode, while the penetra-
fion of the impurity 1ons of second conductivity type from
the top surface of the gate electrode 1s substantially inhib-
ited. Consequently, the position and length of the channel
region formed near the surface of the second i1mpurity
diffused layer are optimized.

It 1s also possible to mount a CMISFET composed of an
NMISFET and a PMISFET on the first semiconductor
device.

Since the arrangement does not require the high-
temperature drive-in process 1n order to form the second
impurity diffused layer of the DMISFET, the impurity for
controlling the threshold of each MISFET 1n the CMISFET
can be implanted prior to the formation of the gate elec-
frodes. This eliminates the necessity for implanting the
impurity for threshold control through the gate electrodes in
forming the CMISFET, so that there 1s provided a semicon-
ductor device on which the CMISFET exhibiting reduced
threshold variations resulting from variations in the pro-
jected range of the impurity 1ons 1s mounted.

In that case, 1t 1s preferred that the gate mnsulating films of
said first and second MISFETs are composed of the same
material as that composing the gate insulating film of said
DMISFET and have the same thickness as that of the gate
insulating film of said DMISFET and that the gate electrodes
of said first and second MISFETs are composed of the same
material as that composing the gate electrode of said DMIS-
FET and have the same thickness as that of the gate electrode
of said DMISFET.

With the arrangement, the gate msulating films and gate
clectrodes of the DMISFET and CMISFET which have
conventionally been composed of different structures can be
formed in the same steps of film deposition and patterning,
resulting 1n reduced cost and improved production yield.

To attain the above first object, a second semiconductor
device of the present imvention 1s implemented based on a
semiconductor device having at least one DMISFET
mounted 1n an active region of a semiconductor substrate
surrounded by an isolation, wherein the above DMISFET
comprises: a first impurity diffused layer formed by intro-
ducing an impurity of first conductivity type or impurity of
second conductivity type at a low concentration into the
above active region; a gate insulating film formed on the
active region; a gate electrode formed on the above gate
insulating film; msulator sidewalls formed on both side faces
of the above gate electrode a source diffused layer formed by
introducing the 1mpurity of first conductivity type at a high
concentration into a portion of the above active region
located on one side of the above gate electrode and having
the position of an edge thereof closer to the gate electrode
determined by the above insulator sidewalls; a drain diffused
layer formed by mtroducing the impurity of first conductiv-
ity type at a high concentration into a portion of the above
active region located on the other side of the above gate
clectrode to be surrounded by the above first impurity
diffused layer; and a second impurity diffused layer formed
by introducing the impurity of second conductivity type on
a concentration level for threshold control 1nto a portion of
the above active region surrounding the above source dif-
fused layer and reaching a part of an area underlying the
above gate electrode and having an edge thereof closer to the
gate electrode determined by the edge on the source side of
the above gate electrode.
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In the arrangement, the length of the portion of the second
impurity diffused layer forming the channel region, 1.€., the
length of the portion extending from the edge of the source
diffused layer closer to the gate electrode to the edge of the
second impurity diffused layer closer to the gate electrode 1s
determined by the thickness of the sidewalls. Consequently,
the threshold can be controlled without performing the
high-temperature drive-in process so that the impurity in the
cate electrode of the DMISFET 1s prevented from penetrat-
ing into the channel region of the DMISFET as a result of
the high-temperature drive-in process, while variations in
the threshold of the DMISFET and a reduction in the
reliability of the gate insulating film are prevented. In
addition, since 1on implantation need not be performed at a
large t1lt angle 1n the resulting structure, 1t becomes possible
to reduce the impurity concentration of the near-surface
portion of the second 1impurity diffused layer forming the
channel region, while increasing the impurity concentration
of the portion of the second 1mpurity diffused layer located
deep 1nto the substrate, so that the activation of the parasitic
bipolar transistor 1s suppressed.

To attain the above second object, a third semiconductor
device of the present invention 1s implemented based on a
semiconductor device having at least one MISFET for high
voltage mounted 1 an active region of a semiconductor
substrate surrounded by an 1solation, wherein the above
MISFET for high voltage comprises: a gate insulating film
formed on the above active region; a gate electrode formed
on the above gate msulating film; a first impurity diffused
layer formed by introducing an impurity of first conductivity
type at a low concentration into a portion of the above active
region including an area underlying one edge of the above
cgate electrode and an arca extending laterally therefrom, the
above first impurity diffused layer functioning as a drain; a
source diffused layer formed by introducing the impurity of
first conductivity type at a high concentration mto a portion
of the above active region laterally extending from the other
edge of the above gate electrode; and a second 1mpurity
diffused layer formed by introducing an impurity of second
conductivity type 1mto an arca of the above active region
surrounding the above source diffused layer and including a
portion forming a channel region underneath the above gate
clectrode and between the above source diffused layer and
the above first impurity diffused layer such that an impurity
concentration becomes higher 1n a deeper portion of the
second 1mpurity diffused layer.

In the arrangement, since a lower impurity concentration
1s provided 1n the near-surface portion of the second 1mpu-
rity diffused layer in which the channel region 1s to be
formed 1s lower, the on-resistance of the MISFET for high
voltage 1s reduced. On the other hand, since a higher
impurity concentration 1s provided in the deeper portion of
the second impurity diffused layer, the base resistance of the
parasitic bipolar transistor 1s reduced, which suppresses the

activation of the parasitic bipolar transistor in response to
the extremely small substrate current in the DMISFET.

In the above third semiconductor device, the above sec-
ond impurity diffused layer can be composed of a buried
body diffused layer formed by introducing the impurity of
second conductivity type at a higher concentration into a
deep portion of the above semiconductor substrate and a
body diffused layer formed by introducing the impurity of
second conductivity type at a lower concentration 1nto a
portion shallower than the above buried body diffused layer
of the above semiconductor substrate, the above buried body
diffused layer and the above body diffused layer overlapping
cach other.
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The arrangement can also reduce the on-resistance of the
MISFET for high voltage and suppress the activation of the
parasitic bipolar transistor.

In the above third semiconductor device, a buried drain
diffused layer can further be formed by introducing the
impurity of first conductivity type into a portion of the above
second 1mpurity diffused layer located at the depths of the
above semiconductor substrate, the above buried drain dif-
fused layer dividing the above second impurity diffused
layer into upper and lower parts.

In the arrangement, since the second impurity diffused
layer divided into the upper and lower parts with interven-
fion of the buried drain diffused layer composes a Zener

diode, a high-voltage surge from a load or the like 1is
absorbed by the Zener diode, resulting 1n a high-surge-
withstand property.

In the above third semiconductor device, it 1s also possible
to further provide a PNP bipolar transistor, an NPN bipolar
transistor, an NMISFET, a PMISFET, and the like.

To attain the above first object, a first method of manu-
facturing a semiconductor device of the present 1nvention 1s
implemented based on a method of manufacturing a semi-
conductor device having at least one DMISFET mounted 1n
an active region of a semiconductor substrate surrounded by
an 1solation, the above method comprising: a first step of
forming the 1solation for defining the active region in the
above semiconductor substrate; a second step of introducing
an 1mpurity of first conductivity type or impurity of second
conductivity type 1nto the above active region to form a first
impurity diffused layer; a third step of forming a gate
insulating film and a gate electrode of the DMISFET on the
above active region; a fourth step of implanting 10ons of the
impurity of second conductivity type into the above active
region by using a mask member having an opening corre-
sponding to a portion on the source side of the above active
region to form a second impurity diffused layer extending
from an area of the above active region underlying the above
1solation to an area of the above active region underlying the
above gate electrode; and a fifth step of implanting 1ons of
the 1mpurity of first conductivity type into respective por-
fions of the active region located on both sides of the above
cgate electrode by using the above gate electrode as a mask
to form a drain diffused layer of the DMISFET surrounded
by the above first impurity diffused layer and a source
diffused layer of the DMISFET surrounded by the above
second 1mpurity diffused layer.

According to the method, the second impurity diffused
layer of the resulting DMISFET 1s formed simply through
the 1mplantation of the 1mpurity 1ons of first conductivity
type and through the activation thereof without performing
the drive-1n process at high temperature, so that the impurity
1s prevented from being diffused from the gate electrode into
the channel region of the DMISFET. Hence, there can be
formed a DMISFET exhibiting reduced threshold variations
and having a highly reliable gate insulating film.

In the above first method of manufacturing a semicon-
ductor device, 1 the above third step, the above insulating
f1lm and a conductive film can sequentially be deposited and
a first resist film can be formed on the above conductive film
to cover a region 1n which the gate electrode 1s to be formed
such that a portion of the above conductive film underlying
an opening of the first resist film 1s selectively removed and
in the above fourth step, a second resist film having an
opening corresponding to a portion on the source side of the
above active region can be formed on the above first resist
f1lm such that the above first and second resist films are used
as the above mask member.
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The method enables the top surface of the gate electrode
to have an enhanced function of blocking the 1mpurity of
second conductivity type for forming the second impurity
diffused layer by utilizing the resist film used to form the

cgate electrode of the DMISFET.

In the above first method of manufacturing a semicon-
ductor device, in the above third step, the above gate
clectrode can be formed to have such a thickness as to permit
the 10ns of the above impurity of second conductivity type
to penetrate therethrough 1n the above fourth step and 1 the

above fourth step, the impurity of second conductivity type
can be implanted to penetrate through the above gate elec-
trode and to form the above second impurity diffused layer
having such a profile that a depth of penetration in the above
semiconductor substrate 1s smaller 1n an area of the above

active region underlying the above gate electrode.

The method enables the impurity of second conductivity
type to penetrate 1nto the region underlying the gate elec-
trode. Since the portion of the second impurity diffused layer
forming the channel region has a lower i1mpurity
concentration, the threshold can be reduced. On the other
hand, since the portion of the second impurity diffused layer
underlying the source diffused layer has a larger depth and
a higher impurity concentration, the activation of the bipolar
transistor can be suppressed.

The above first method of manufacturing a semiconductor
device can further comprise a step of implanting, after the
above fourth step, the 10ons of the above impurity of second
conductivity type into the above active region by using the
same mask used in the above fourth step to form a third
impurity diffused layer containing the impurity of second
conductivity type at a higher concentration 1n an area
including at least a part at the depths of the above second
impurity diffused layer and located away from a surface of
the above active region.

According to the method, the high-concentration third
impurity diffused layer connected to a part of the second
impurity diffusion 1s formed, so that the base resistance of
the parasitic bipolar transistor produced between the second
impurity diffusion, the source diffused layer, and the first
impurity diffused layer 1s reduced, which suppresses the
activation of the parasitic bipolar transistor. Consequently,
the DMISFET having an improved property of withstanding
the voltage between the source and drain 1s formed.
Moreover, since 1on implantation for forming the second
impurity diffused layer has previously been performed at a
large t1lt angle, the semiconductor substrate has been turned
amorphous to a certain degree before 10on implantation for
forming the third impurity diffused layer 1s performed, so
that channelling 1s surely prevented even when 10n 1mplan-
tation 1s performed at an angle close to 0°. Consequently, the
third impurity diffused layer irregularly configured can be
formed, which suppresses variations 1n threshold voltage.

In the above first method of manufacturing a semicon-
ductor device, in the above second step, the impurity of
second conductivity type can be implanted into the above
active region to form the first impurity diffused layer func-
tioning as a body diffused layer of the DMISFET 1n coop-
cration with the above second impurity diffused layer.

According to the method, the parasitic capacitance of the
drain diffused layer of first conductivity type of the DMIS-
FET 1s reduced, so that the DMISFET operable at a high
speed 1s formed. If the impurity concentration of the second
impurity diffused layer i1s adjusted to be higher than the
impurity concentration of the first impurity diffused layer,
the DMISFET exhibiting a high-voltage-withstand property
can be obtained.
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To attain the above first object, a second method of
manufacturing a semiconductor device of the present inven-
tion 1s 1mplemented based on a method of manufacturing a
semiconductor device having at least one DMISFET
mounted 1n an active region of a semiconductor substrate
surrounded by an 1solation, the above method comprising: a
first step of forming the 1solation for defining the active
region 1n the above semiconductor substrate; a second step
of introducing an impurity of first conductivity type or
impurity of second conductivity type into the above active
region to form a first impurity diffused layer; a third step of
forming a gate insulating film and a gate electrode of the
DMISFET on the above active region; a fourth step of
implanting the 1ons of the impurity of second conductivity
type 1nto the above active region from a direction at a small
t1lt angle from a direction perpendicular to a surface of the
semiconductor substrate by using, as a mask, a mask mem-
ber having an opening corresponding to a portion on the
source side of the above active region and the above gate
electrode to form a second impurity diffused layer extending
from an area of the above active region underlying the above
1solation to an area of the above active region underlying an
edge of the above gate electrode 1n the portion on the source
side of the above active region; a fifth step of forming
insulator sidewalls on both side faces of the above gate
electrode; and a sixth step of implanting 10ns of the impurity
of first conductivity type into respective portions of the
active region located on both sides of the above gate
clectrode by using, as a mask, the above gate electrode and
the insulator sidewalls to form a drain diffused layer of the
DMISFET surrounded by the above first impurity diffused
layer and a source diffused layer of the DMISFET sur-
rounded by the above second impurity diffused layer.

By the method, the length of the portion of the second
impurity diffused layer forming the channel region 1s deter-
mined by the thickness of the sidewalls even when the
impurity of second conductivity type 1n the second impurity
diffused layer 1s not introduced 1nto the central portion of the
region underlying the gate electrode, which facilitates the
control of the threshold. Moreover, since the second impu-
rity diffused layer 1s formed by 1on implantation at a small
f1lt angle, 1t becomes possible to suppress the activation of
the bipolar transistor by increasing the impurity concentra-
fion in the portion of the second impurity diffused layer
located deep in the substrate, while reducing the 1mpurity
concentration i1n the near-surface portion of the second

impurity diffused layer forming the channel region to lower
the threshold.

In the above second method of manufacturing a semicon-
ductor device, 1n the above fourth step, the 10ns of the above
impurity of first conductivity type are preferably implanted
from a direction at a tilt angle of 30° or less with respect to

an axis perpendicular to the surface of the semiconductor
substrate.

To attain the above second object, a third method of
manufacturing a semiconductor device 1s i1mplemented
based on a method of manufacturing a semiconductor device
having at least one MISFET for high voltage having a
first-conductivity-type channel structure mounted on a semi-
conductor substrate, the above method comprising: a first
step of 1ntroducing an 1mpurity of second conductivity type
into a part of a region of the above semiconductor substrate
in which the MISFET for high voltage 1s to be formed to
form a buried body diffused layer; a second step of forming
an epitaxial layer of first conductivity type on the above
semiconductor substrate formed with the above buried body
diffused layer; a third step of diffusing the impurity of
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second conductivity type 1n the above buried body diffused
layer upwardly 1nto the epitaxial layer to change at least a
part on the lower side of the above epitaxial layer into a part
of the above buried body diffused layer of second conduc-
fivity type; a fourth step of introducing, into an upper portion
of the above epitaxial layer, the impurity of second conduc-
fivity type at a concentration lower than in the above buried
body diffused layer; a fifth step of forming a gate insulating
film and a gate electrode on the above epitaxial layer such
that an upper portion of the above buried body diffused layer
1s covered therewith; and a sixth step of introducing the
impurity of first conductivity type into the above buried
body diffused layer by using the above gate electrode as a
mask to form a source diffused layer surrounded by the
above buried body diffused layer.

By the method, the buried body diffused layer 1s formed
by upwardly diffusing the impurity of second conductivity
type so that the impurity concentration in a portion closer to
the surface of the semiconductor substrate becomes lower
than 1n a portion located deeper 1n the substrate.
Consequently, there can be implemented the third semicon-
ductor device described above which exhibits a low
on-resistance and suppresses the activation of the parasitic
bipolar transistor.

The following are two embodiments as more specific
methods of forming the body diffused layer and the buried
body diffused layer 1n the above third semiconductor device.

In the above fourth step, the diffusion of the impurity of
second conductivity type 1 the buried body diffused layer
may be performed continuedly from the above third step to

form the buried body diffused layer reaching a surface of the
substrate.

In the above fourth step, after the above fifth step, the
impurity of second conductivity type at a concentration
lower than 1n the above buried body diffused layer can be
introduced 1nto a portion overlying the above buried body
diffused layer by using the above gate electrode as a mask
to form a body diffused layer at least partially overlapping
the above buried body diffused layer.

The above third method of manufacturing a semiconduc-
tor device can further comprise a step of introducing, prior
to the above second step, the impurity of first conductivity
type having a diffusion rate lower than the diffusion rate of
the impurity of second conductivity type in the above buried
body diffused layer into a region covering an upper portion
of the above buried body diffused layer to form a buried
drain diffused layer, wherein the above third step 1s per-
formed such that the impurity of second conductivity type in
the above buried body diffused layer 1s diffused upwardly
through the above buried drain diffused layer and that the
buried body diffused layer 1s divided into upper and lower
parts by the buried drain diffused layer.

According to the method, the DMISFET having a Zener
diode as described above can be formed.

To attain the above second object, a fourth method of
manufacturing a semiconductor device of the present inven-
tion 1s 1mplemented based on a method of manufacturing a
semiconductor device having at least one MISFET for high
voltage having a first-conductivity-type channel structure
mounted 1n an active region of a semiconductor substrate,
the above method comprising: a first step of introducing an
impurity of first conductivity type into the above active
region to form a drain diffused layer; a second step of
forming a gate msulating film and a gate electrode on the
above semiconductor substrate; a third step of implanting,
ions of an 1impurity of second conductivity type into a region
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of the above semiconductor substrate located on one side of
the above gate electrode by using the above gate electrode
as a mask to form a body diffused layer; a fourth step of
implanting 1ons of the impurity of first conductivity type into
the above body diffused layer by using the above gate
clectrode as a mask to form a source diffused layer sur-
rounded by the above body diffused layer; and a fifth step of
implanting the 1ons of the impurity of second conductivity
type at a high concentration 1nto a deep portion of the above
body diffused layer by using the above gate electrode as a
part of a mask to form a buried body diffused layer at least
partially overlapping the above body diffused layer.

By the method, the buried body diffused layer having a
higher impurity concentration 1s formed 1n a deeper portion
of the substrate, while the body diffused layer having a lower
impurity concentration 1s formed 1n a near-surface portion of
the substrate without forming an epitaxial layer. Hence,
there can be formed a semiconductor device having the
DMISFET which exhibits a low on-resistance and sup-
presses the activation of the parasitic bipolar transistor
mounted thereon at lower manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) to 1(c) are cross-sectional views illustrating
the first-half steps 1n a process of manufacturing a semicon-
ductor device according to a first embodiment;

FIGS. 2(a) to 2(c) are cross-sectional views illustrating
the second-half steps in the process of manufacturing a
semiconductor device according to the first embodiment;

FIGS. 3(a) to 3(c) are cross-sectional views illustrating
the second-half steps 1n a process of manufacturing a
semiconductor device according to a second embodiment;

FIG. 4(a) and 4(b) are cross-sectional views illustrating
the steps of 10n implantation for forming a P~ body diffused
layer and a P* body buried diffused layer in a process of
manufacturing a semiconductor device according to a third
embodiment;

FIGS. 5(a) and 5(b) are cross-sectional views illustrating
the steps of forming gate electrodes and source/drain dif-
fused layers 1n the process of manufacturing a semiconduc-
tor device according to the third embodiment;

FIGS. 6(a) to 6(c) are cross-sectional views illustrating
the first-half steps 1n a process of manufacturing a semicon-
ductor device according to a fourth embodiment;

FIGS. 7(a) to 7(c) are cross-sectional views illustrating
the second-half steps in the process of manufacturing a
semiconductor device according to the fourth embodiment;

FIGS. 8(a) to 8(c) are cross-sectional views illustrating
the first-half steps 1n a process of manufacturing a semicon-
ductor device according to a fifth embodiment;

FIGS. 9(a) to 9(c) are cross-sectional views illustrating
the second-half steps 1n the process of manufacturing a
semiconductor device according to the fifth embodiment;

FIGS. 10(a) to 10(b) are cross-sectional views illustrating
the second-half steps 1n a process of manufacturing a
semiconductor device according to a sixth embodiment;

FIGS. 11(a) to 11(d) are cross-sectional views illustrating
the second-half steps 1n a process of manufacturing a
semiconductor device according to a seventh embodiment;

FIGS. 12(a) to 12(c) illustrate relatlonshlps between
respective modes of impurity 1on 1mplantat10n in the step of
forming a second 1mpurity diffused layer in the process of
manufacturing a semiconductor device according to the first
embodiment and respective configurations of the formed
second 1mpurity diffused layers;
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FIGS. 13(a) and 13(b) illustrate relationships between
respective modes of impurity ion 1mplantat10n in the step of
forming a second impurity diffused layer in the process of
manufacturing a semiconductor device according to each of
the sixth and seventh embodiments and respective configu-
rations of the formed second impurity diffused layers;

FIGS. 14(a) to 14(e) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to an eighth embodiment;

FIGS. 15(a) to 15(e) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to a ninth embodiment;

FIGS. 16(a) to 16(e) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to a tenth embodiment;

FIGS. 17(a) to 17(e) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to an eleventh embodiment;

FIGS. 18(a) to 18(e) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to a twelfth embodiment;

FIGS. 19(a) to 19(e) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to a thirteenth embodiment;

FIGS. 20(a) and 20(b) are cross-sectional views illustrat-
ing the first-half steps 1n a conventional process of manu-
facturing a device on which a MOSFET and a CMOSFET

are compositely mounted;

FIGS. 21(a) and 21(b) are cross-sectional views illustrat-
ing the second-half steps 1n the conventional process of
manufacturing the device on which the MOSFET and
CMOSFET are compositely mounted; and

FIGS. 22(a) to 22(d) are cross-sectional views illustrating
a conventional process of manufacturing a DMOSFET.

DETAILED DESCRIPTION OF THE
INVENTION
(First Embodiment)

As shown 1n FIG. 1(a), a resist mask is formed on a P-type
semiconductor substrate 1 made of polysilicon having a
(100) plane as the main surface and a resistivity of 10 to 20
(2-cm. By using the resist mask, phosphorus 1ons are
implanted at energy of about 120 keV and a dose of about
8x10*/cm™ into respective regions of the P-type semicon-
ductor substrate 1 in which a DMOSFET and a PMOSFET
arc to be formed. Subsequently, another resist mask 1s
formed and boron 10ns are implanted at energy of about 30
KeV and a dose of about 1x10"°/cm™2, followed by a heat
treatment at 1100° C. for about 100 minutes, thereby form-

ing an N~ drain diffused layer 2 as a first impurity diffused
layer of the DMOSFET, a P~ -well diffused layer 3 of the

NMOSFET, and an N™-well diffused layer 4 of the PMOS-
FET.

Next, as shown in FIG. 1(b), oxidation is performed at a
temperature of about 900° C. to form an oxide film having
a thickness of about 20 nm, followed by the formation of a
nitride film having a thickness of about 160 nm by low-
pressure CVD or like method at 760° C. Then, the nitride
f1lm except for the portions corresponding to the respective
region 1n which the DMOSFET, NMOSFET, and PMOS-
FET are to be formed, 1s removed by dry etching using a
resist mask, followed by the formation of an i1solation §
composed of a silicon dioxide film and having a thickness of
500 nm by, e.g., selective oxidation at 100° C.

Next, as shown in FIG. 1(c), BF, ions for threshold

(hereinafter simply referred to as Vt) control are implanted
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at about 50 keV and 2x10'*/cm™ into the region in which
the PMOSFET 1s to be formed by using a resist film as a
mask to form a P~ diffused layer 6 for Vt control. On the P~
diffused layer 6 for Vit control, gate oxide films 7 having a
thickness of about 15 nm are formed by oxidation at 900° C.,
followed by the formation of a polysilicon film 8 having a
thickness of about 300 nm by low-pressure CVD or like
method at 630° C. Subsequently, the polysilicon film 8 is
changed 1nto N™ type by POCIL; vapor phase diffusion at
about 900° C. for about 30 minutes. Thereafter, a resist film
9 for forming gate electrodes 1s formed by a photolitho-
ographic process 1n the respective regions 1n which the
DMOSFET, NMOSFET, and PMOSFET are to be formed.

Next, as shown in FIG. 2(a), the polysilicon film 8 is
patterned by dry etching using the resist film 9 for forming
gate electrodes as a mask to form a N™ gate electrode 8a of

the DMOSFET, an N™ gate electrode 86 of the NMOSFET,
and an N7 gate electrode 8c of the PMOSFET. Then, by
using a resist {ilm 12 having an opening corresponding to the
region in which the DMOS is to be formed and the N* gate
electrode 8a of the DMOSFET as a mask, boron 1ons are
implanted 1n two steps from two directions forming a plane
angle of 180° C. therebetween into a region of the DMOS-
FET in which a body diffused layer 1s to be formed. In the
first step, boron 1ons are implanted at about 120 keV and
4x10"°/cm™ and at a tilt angle of 30° from an axis perpen-
dicular to the surface of the P-type semiconductor substrate
1 so that the boron 10ns are introduced 1nto about one half
on the source side of the region underlying the N™ gate
clectrode 8a of the DMOSFET. In the second step, the
semiconductor substrate 1 1s rotated by 180 degrees before
boron ions are implanted at a tilt angle of 30° so that the
boron 10ns are 1ntroduced into the portion of the region in
which the DMOSFET 1s to be formed underlying the edge
portion of the 1solation 5.

Next, as shown in FIG. 2(b), the resist film 12 is removed
and a heat treatment is performed at about 850° C. for about
30 minutes to form a P~ body diffused layer 14 as a second
impurity diffused layer of the DMOSFET.

Next, as shown 1n FIG. 2(c¢), arsenic 1ons are implanted at
about 40 keV and 4x10">/cm™ into the respective regions in
which the DMOSFET and NMOSFET are to be formed by
using a resist film as a mask. Then, BF, 1ons are implanted
at about 40 keV and 3x10">/cm™ into the region in which
the PMOSFET 1s to be formed, followed by a heat treatment
at about 850° for about 60 minutes, thereby forming an N™
source diffused layer 15, a channel region Rchan of the
DMOSFET, and an N™ drain diffused layer 16 of the
DMOSFET, an N source diffused layer 17 and an N™ drain
diffused layer 18 of the NMOSFET, and a P™ source diffused
layer 19 and a P* drain diffused layer 20 of the PMOSFET.

Thereafter, an NSG {ilm having a thickness of about 800
nm 1s formed as an 1nterlayer insulating film by low-pressure
CVD or like method, which 1s then dry etched by using a
resist film as a mask to form contact holes, though the
drawing thereof 1s omitted 1n the present embodiment.
Finally, an Al film 1s formed as metal interconnections by
sputtering, which 1s then etched by using a resist film as a
mask to form Al interconnections, thereby finishing the
semiconductor device.

Thus, according to the present embodiment, boron 1ons
are implanted in the first step at a tilt angle of 30° from an
axis perpendicular to the surface of the P-type semiconduc-
tor substrate 1 by using the resist film 12 and the N™ gate
clectrode 8a of the DMOSFET as a mask so as to form the
P~ body diffused layer 14 and the channel region Rchan of
the DMOSFET and 1n the second step at such a tilt angle as
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to introduce the boron ions into the N™ gate electrode 8a of
the DMOSFET through the side face thereotf which 1s closer
to the source region and uncovered with the resist film 12.
After that, a low-temperature heat treatment for activation 1s
performed to form the P~ body diffused layer 14 and channel

region Rchan of the DMOSFET.

The formation of the semiconductor device on which the
DMOSFET, NMOSFET, and PMOSFET having the fore-
golng structures are mounted achieves the following effects.

In forming the P~ body diffused layer 14 and channel
region Rchan of the DMOSFET, a high-temperature drive-in
process which has conventionally been performed to suffi-
ciently extend the body diffused layer 1n the lateral direction
of the P-type semiconductor substrate 1 in forming the
channel region underneath the gate electrode of the DMOS-
FET can be omitted, since 1ons are implanted at a large tilt
angle nto the P~ body diffused layer 14. This 1s because the
P~ body diffused layer 14 can be extended sufficiently 1n the
lateral direction of the semiconductor substrate only by 10on
implantation since 1on implantation at a large tilt angle
provides a sufficiently large projected range of the implanted
ions 1n the lateral direction of the P-type semiconductor
substrate, which facilitates the formation of the channel
region Rchan underneath the gate electrode.

Therefore, the foregoing problems (1) to (3) can be solved
by the following processes:

Solution to Problem (1)

In mcorporating the mounting of the DMOSFET 1nto the
CMOS process, the high-temperature drive-in process
becomes unnecessary after forming the respective gate elec-
trodes of the DMOSFET, NMOSFET, and PMOSFET, so
that 1on 1implantation for the Vit control of the PMOSFET
and NMOSFET can be performed prior to the formation of
cgate oxide films. Consequently, influences on the Vt control
resulting from variations 1n the projected range of 10ns 1n the
cgate electrodes, the film quality and thickness of which are
difficult to control, can completely be eliminated, since it 1s
unnecessary to form the gate electrodes before 1on 1implan-
tation for the Vt control of the NMOSFET and PMOSFET
1s performed through the gate electrodes. Hence, 1t becomes
possible to form an NMOSFET and a PMOSFET presenting
reduced Vt variations even when a DMOSFET 1s mounted
on a CMOS device.

Solution to Problem (2)

In incorporating the formation of the DMOSFET 1into the
CMOS process, the heat treatment for the high-temperature
drive-1n process becomes unnecessary after forming the gate
clectrodes of the respective FETs, so that the impurity
doping the gate electrode at a high concentration i1s not
diffused into the gate oxide films of the individual FETs by
the heat treatment. Hence, 1t becomes possible to provide
highly reliable gate oxide films.

(Second Embodiment)

In a second embodiment, the steps preceding the step
illustrated by FIG. 3(a) are the same as illustrated by FIGS.
1(a) to 1(c) and FIG. 2(a) in the first embodiment.
Specifically, a resist film 12 1s formed prior to the step
illustrated by FIG. 3(a) so that boron ions are implanted in
two steps from two directions forming a plane angle of 180°
therebetween 1nto a region of a DMOSFET 1n which a body
diffused layer 1s to be formed by using the resist film 12 and
an N™ gate electrode 8a of the DMOSFET as a mask. In the
first step, the boron 10ns are implanted at about 120 keV and
4%x10"/cm™> and at a tilt angle of 30° from an axis perpen-
dicular to a surface of a P-type semiconductor substrate 1 so
that the boron 10ns are introduced 1nto about one half on the
source side of the region underlying the N* gate electrode 8a
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of the DMOSFET. In the second step, the semiconductor
substrate 1 1s rotated by 180 degrees before boron 1ons are
implanted at a tilt angle of 30° so that the boron ions are
introduced 1nto the portion of the region 1n which the

DMOSFET is to be formed underlying the edge portion of 5

an 1solation 3.

Next, as shown 1n FIG. 3(a) boron 10ns are implanted mto
a region of the DMOSFET 1n which a body diffused layer 1s
to be formed by using again the resist film 12 and the N™ gate
clectrode 8a as a mask. The acceleration energy at which the
boron 1ons are implanted 1s higher 1n the step illustrated by
FIG. 3(a) than 1n the step illustrated by FIG. 2(a), while the
t1lt angle at which the boron 10ns are implanted 1s smaller 1n
the step illustrated by FIG. 3(a) than in the step illustrated
by FIG. 2(a). Specifically, the boron ions are implanted in
the step illustrated by FIG. 3(a) at about 150 keV and
1x10™/cm™ and at 0° from an axis perpendicular to the
surface of the P-type semiconductor substrate 1.

Since the 10ns have been 1implanted obliquely to form a P~
body diffused layer 14 prior to 10n 1implantation for forming,
the P* body buried diffused layer 32, the crystal in the
semiconductor substrate has been turned amorphous to a
certain degree. The 1ons are then implanted vertically to
surely prevent channeling during 1on implantation.
Consequently, the configuration of the P™ body buried
diffused layer 32 will not become 1rregular.

Next, as shown 1in FIG. 3(b), the resist film 12 is removed
and a heat treatment is performed at about 850° C. for about
30 minutes to form the P~ body diffused layer 14, a channel
region Rchan, and a P* body buried diffused layer 32 as a

third 1mpur1ty diffused layer of the DMOSFET. In this case,
the edge in the lateral direction of the P* body burled
diffused layer 32 is located 1n the vicinity of the edge on the
source side of the N™ gate electrode 8a of the DMOSFET,
Since the P™ body buried diffused layer 32 1s formed deeper
into the semiconductor substrate 1 than the P~ body diffused
layer 14, the surface concentration of the P~ body diffused
layer 14 immediately below the N~ gate electrode 8a of the
DMOSFET is barely influenced by the P™ body buried
diffused layer 32. Hence, the Vt of the DMOSFET 1is
determined only by the P~ body ditfused layer 14 without
being influenced by the P* body buried diffused layer 32.

Next, as shown in FIG. 3(c¢), arsenic ions are implanted at
about 40 keV and 4x10">/cm™ into the respective regions in
which the DMOSFET and NMOSFET are to be formed by
using a resist film as a mask. Then, BF, 1ons are implanted
at about 40 keV and 3x10*°/cm™ into the region in which
the PMOSFET 1s to be formed and a heat treatment 1s
subsequently performed at about 850° C. for about 60
minutes to form an N™ source diffused layer 15 and an N~
drain diffused layer 16 of the DMOSFET, an N™ source
diffused layer 17 and an N* drain diffused layer 18 of the
NMOSFET, and a P* source diffused layer 19 and a P* drain
diffused layer 20 of the PMOSFET.

Thereafter, an NSG film having a thickness of about 800
nm 1s formed as an interlayer insulating film by low-pressure
CVD or like method, which i1s then dry etched by using the
NSG film as a mask to form contact holes, though the
drawing thercof 1s omitted 1n the present embodiment.
Finally, an Al film 1s formed as metal interconnections by
sputtering, which 1s then etched by using a resist film as a
mask to form Al interconnections, thereby finishing the
semiconductor device.

In the present embodiment also, boron 10ns are implanted
in a step equivalent to the foregoing step illustrated by FIG.
2(a) at a tilt angle of 30° from a normal to the P-type
semiconductor substrate 1 and then at such a tilt angle as to
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introduce the boron ions into the N™ gate electrode 8a of the
DMOSEFET through the side face thereof which 1s closer to
the source region and uncovered with the resist film 12 so as
to form the P~ body diffused layer 14 and channel region
Rchan of the DMOSFET. Consequently, the present embodi-

ment can also achieve the same effects as achieved in the
above first embodiment.

After that, a low-temperature heat treatment for activation
1s performed to form the P~ body diffused layer 14, channel
region Rchan, and P* body buried diffused layer 32 of the
DMOSFET.

Thus, since the P* body buried diffused layer 32 as the
third impurity diffused layer containing the P-type impurity
at a higher concentration 1s formed below the P~ body
diffused layer 14 of the DMOSFET, the overall resistance of
the body diffused layer can be lowered. Accordingly, even
when the threshold voltage 1s lowered by reducing the
surface concentration of the P~ body diffused layer 14 to
improve the performance of the DMOSFET, the overall
resistance of the body diffused layer 14 1s suppressed due to
the high-concentration P body buried diffused layer 32. The
overall resistance of the body diffused layer 14 which has
been lowered suppresses variations in threshold voltage
resulting from an increase 1n potential at a body terminal
induced by the substrate current of the DMOSFET. In
particular, even when a parasitic bipolar NPN transistor
using the body diffused layer 14 as the base, the N™ source
diffused layer 15 as the emitter, and the N~ drain diffused
layer 2 as the collector 1s produced, the resistance thereof
becomes low since the impurity concentration in the portion
corresponding to the base 1s high, so that the activation of the
transistor 1s suppressed. As a result, the property of with-
standing the voltage between the source and drain is
improved.

In addition, the present embodiment has formed the P~
body diffused layer 14 and the channel region Rchan by thus
implanting the ions at a large tilt angle of 30° and then
formed the P™ body buried diffused layer 32 by implanting
the boron 10ns 1nto the region of the DMOSFET 1n which the
body diffused layer 1s to be formed at acceleration energy
higher than used in the first boron 1implantation and at a tilt
angle of 0° from a normal to the P-type semiconductor
substrate 1. Since the 1nside of the semiconductor substrate
has been turned amorphous at a certain degree by the first
ion 1mplantation at a large tilt angle, channeling 1s barely
observed even when 1ons are implanted vertically afterwards
to form the P* body buried diffused layer 32, which prevents
the impurity from bemg randomly dlstrlbuted by the subse-
quent 1mpurity diffusion process. In short, variations in
hlgh-voltage withstand property and electric property are
prevented. However, 1n the case where 1ons are implanted
vertically to form the P* body buried diffused layer 32 prior
to 1on 1mplantation at a large tilt angle, the impurity is
irregularly distributed 1n the semiconductor substrate by
channeling and the rregularly distributed impurity 1s further
diffused 1n the semiconductor substrate, so that variations 1n
high-voltage-withstand property and electric property are
disadvantageously increased.

Since the respective 1on implantations for forming the
body diffused layer 14 and the P™ body buried diffused layer
32 are performed by using the same mask, 1t 1s suflicient to
add one extra 10on 1implantation step in order to achieve the
ciiect at slightly increased cost.

(Third Embodiment)

In the third embodiment, the steps preceding the step
illustrated by FIG. 4(c) are substantially the same as the
steps illustrated by FIGS. 1(a) to 1(c) in the above first
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embodiment. In the present embodiment, however, the resist
f1lm 9 for forming gate electrodes 1s not removed prior to the
step illustrated by FIG. 4(a) but a new resist film 12 is
formed thereon so that boron 10ns are implanted in two steps
from two directions forming a plane angle of 180° therebe-
tween mnto a region of the DMOSFET 1 which a body
diffused layer 1s to be formed by using the resist films 9 and
12 and the N™ gate electrode 8a of the DMOSFET as a mask.
In the first step, the boron 10ons are implanted at about 120
keV and 4x10"°/cm™~ and at a tilt angle of 30° from an axis
perpendicular to a surface of the P-type semiconductor
substrate 1 so that the boron 10ons are mtroduced 1nto about
one half on the source side of the region underlying the N™
gate electrode 8a of the DMOSFET. In the second step, the
boron ions are implanted at a tilt angle of 30° after the
semiconductor substrate 1 1s rotated by 180 degrees so that
the boron 10ns are mtroduced 1nto a portion of the region in
which the DMOSFET 1s to be formed underlying the edge
portion of an i1solation 3.

Then, as shown in FIG. 4(b), boron ions are implanted
into a region of the DMOSFET 1n which a body diffused
layer 1s to be formed by using again the resist films 9 and 12
and the N™ gate electrode 8a of the DMOSFET as a mask.
The acceleration energy at which the boron ions are
implanted is higher in the step illustrated by FIG. 4(b) than
in the step 1llustrated by FIG. 10, while the tilt angle from
an axis perpendicular to the surface of the P-type semicon-
ductor substrate 1 at which the boron 1ons are implanted 1is
smaller in the step illustrated by FIG. 4(b) than in the step
illustrated by FIG. 10. Specifically, the boron 1ons are
implanted in the step illustrated by FIG. 4(b) at about 150
keV and 1x10™*/cm™~ and at a tilt angle of 0° from the axis
perpendicular to the surface of the P-type semiconductor
substrate 1.

Next, as shown in FIG. 5(a), the resist films 9 and 12 are
removed and a heat treatment 1s performed at about 850° C.
for about 30 minutes to form a P~ body diffused layer 14, a
channel region Rchan, and a P body buried diffused layer
32 of the DMOSFET. In this case, the edge 1n the lateral
direction of the P™ body buried diffused layer 32 is located
in the vicinity of the edge on the source side of the N™ gate
clectrode 8a of the DMOSFET. The P* body buried diffused
layer 32 1s formed deeper into the semiconductor substrate
1 than the P~ body diffused layer 14 so that the surface
concentration of the P~ body diffused layer 14 immediately
below the N™ gate electrode 8a of the DMOSFET is barely
influenced by the P™ body buried diffused layer 32. Hence,
the Vt of the DMOSFET i1s determined only by the P~ body
diffused layer 14 without being influenced by the P* body
buried diffused layer 32.

Next, as shown in FIG. 5(b), arsenic ions are implanted at
about 40 keV and 4x10'>/cm™= into the respective regions in
which the DMOSFET and NMOSFET are to be formed by
using a resist film or the like as a mask. Then, BF, 10ns are
introduced at about 40 keV and 3x10"°/cm™= into the region
in which the PMOSFET 1s to be formed and a heat treatment
is subsequently performed at about 850° C. for about 60

minutes to form an N™ source diffused layer 15 and an N~
drain diffused layer 16 of the DMOSFET, an N™* source

diffused layer 17 and an N™ drain diffused layer 18 of the
NMOSFET, and a P* source diffused layer 19 and a P* drain
diffused layer 20 of the PMOSFET.

Thereafter, an NSG {ilm having a thickness of about 800
nm 15 formed as an 1nterlayer insulating film by low-pressure
CVD or like method, which 1s then dry etched by using a
resist film as a mask to form contact holes, though the
drawing thercof 1s omitted 1n the present embodiment.
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Finally, an Al film 1s formed as metal interconnections by
sputtering, which 1s then etched by using a resist film or the
like as a mask to form Al interconnections, thereby finishing
the semiconductor device.

The t1lt angle and acceleration energy at which the boron
ions are implanted to form the P~ body diffused layer 14 and
the channel region Rchan in the present embodiment are the
same as used 1n the above second embodiment. Moreover,
since the P* body diffusion buried layer 32 1s also formed
afterwards 1n the present embodiment, similarly to the above
second embodiment, the present embodiment can achieve
basically the same effects as achieved by the above second
embodiment.

Furthermore, to form the P~ body ditfused layer 14 and P*
body buried diffused layer 32 of the DMOSFET, the present
embodiment has used, as a mask, not only the resist film 12
and the N™ gate electrode 8a of the DMOSFET but also the
resist film 9 for forming gate electrodes used to form the N™
cgate electrode 8a of the DMOSFET. Consequently, even
when a mask misalignment occurs between the resist film 12
and the N™ gate electrode 8a of the DMOSFET, boron 10ns
are blocked by the resist film 9 for forming gate electrodes
on the N* gate electrode 8a of the DMOSFET, so that the
boron ions will not penetrate through the N™ gate electrode
8a of the DMOSFET from the top surface thereof as in the
case where no resist film 12 1s provided. As a result, the
boron ions implanted into the region underlying the N™ gate
clectrode 8a travel laterally to reach points substantially
equidistant from the edge on the source side of the N™ gate
clectrode 8a, so that variations in gate length, 1.¢., the length
of the channel region Rchan between the N™ source diffused
layer 15 and the N~ drain diffused layer are suppressed
advantageously.

(Fourth Embodiment)

The respective steps illustrated by FIGS. 6(a) to 6(c) are
basically the same as the steps illustrated by FIGS. 1(a) to
1(c) and FIGS. 2(a) to 2(c) in the above first embodiment.
In the present embodiment, however, a P-type impurity 1s
introduced 1nto the first impurity diffused layer surrounding
an N7 drain diffused layer 16 and a P~ body diffused layer
14 of the DMOSFET to form a P~ body diffused layer 30 at
an extremely low concentration. As a result, the body
diffused layer 1s composed of the two P~ body diffused
layers 30 and 14. The P~ body diffused layer 30 contains the
impurity on the order of 10'° ¢cm™, while the P~ body
diffused layer 14 contains the impurity on the order of 10"’
cm™.

Thus, by forming the P~ body diffused layer 14 at a low
concentration 1n the P~ body diffused layer 30 at a lower
concentration, the high-voltage-withstand property of the
DMOSFET is improved. Since the N™ drain diffused layer
16 1s surrounded by the P~ layer, the parasitic capacitance of

the N™ drain diffused layer 16 is reduced and the operating
speed of the DMOSFET 1s increased.

(Fifth Embodiment)

The respective steps illustrated by FIGS. 8(a) to 8(c) are
basically the same as the steps illustrated by FIGS. 1(a) to
1(c) in the above first embodiment. Specifically, an N~ drain
diffused layer 2 as the first impurity diffused layer of a
DMOSEFET, a P~ -well diffused layer 3 of an NMOSFET, and
an N™-well diffused layer 4 of a PMOSFET are individually
formed 1 a P-type semiconductor substrate 1, followed by
the formation of an 1solation 5 for defining respective

regions in which the DMOSFET, NMOSFET, and PMOS-
FET are to be formed. Then, a P~ diffused layer 6 for Vit
control 1s formed 1n the region 1n which the PMOSFET 1s to
be formed. After gate oxide films 7 are formed on the
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surfaces of the respective regions of the P-type semicon-
ductor substrate 1, a polysilicon film 8 1s formed over the
entire surface of the substrate. On the polysilicon film §, a
resist film 9 for forming gate electrodes 1s formed to cover
the respective regions of the DMOSFET, NMOSFET, and
PMOSFET 1n which the gate electrodes are to be formed.
The present embodiment uses the polysilicon film 8 with a
thickness of about 200 nm, which 1s thinner than the
polysilicon film 8 with a thickness of 300 nm used 1n the first
embodiment.

Next, as shown in FIG. 9(a), the polysilicon film 8 is
patterned by dry etching using the resist film 9 for forming,

gate electrodes as a mask to form an N™ gate electrode 8a of
the DMOSFET, an N™ gate electrode 8b of the NMOSFET,

and an N™* gate electrode 8c of the PMOSFET. Thereafter,
boron 10ons are 1mplanted in one step 1nto a region of the
DMOSFET 1n which a body diffused layer 1s to be formed
by using the resist film 12 with an opening corresponding to
the region of the DMOSFET 1n which the source 1s to be
formed and the N™ gate electrode 8a of the DMOSFET as a
mask. In this step, the boron 1ons are 1implanted at 140 keV
and 4x10™°/cm™ and at a tilt angle of 7° from an axis
perpendicular to the surface of the P-type semiconductor
substrate 1 so that the boron 10ons are mtroduced 1nto about
one half on the source side of the region underlying the N™
cgate electrode 8a of the DMOSFET. In this step, the boron
ions penetrate through the N™ gate electrode 8a composed of
a thin polysilicon film (200 nm).

Next, as shown in FIG. 9(b), the resist film 12 is removed
and a heat treatment is performed at about 850° C. for about
30 minutes to form a P~ body diffused layer 14 as the second
impurity diffused layer of the DMOSFET.

Next, as shown in FIG. 9(c¢), arsenic ions are implanted at
about 40 keV and 4x10"'°/cm™= into the respective regions in
which the DMOSFET and NMOSFET are to be formed by
using a resist film as a mask. Then, BF, 1ons are implanted
at about 40 keV and 3x10"°/cm™ into the region in which
the PMOSFET 1s to be formed and a heat treatment is
subsequently performed at about 850° C. for about 60
minutes to form an N™ source diffused layer 15, a channel

region Rchan, and an N™ drain diffused layer 16 of the
DMOSFET, an N7 source diffused layer 17 and an N™ drain

diffused layer 18 of the NMOSFET, and a P™ source diffused
layer 19 and a P™ drain diffused layer 20 of the PMOSFET.

Thereafter, an NSG {ilm having a thickness of about 800
nm 1s formed as an 1nterlayer insulating film by low-pressure
CVD or like method, which 1s then dry etched by using a
resist film as a mask to form contact holes, though the
drawing thercof 1s omitted 1n the present embodiment.
Finally, an Al film 1s formed as metal mterconnection by
sputtering, which is then etched by using a resist {ilm as a
mask to form Al interconnections, thereby finishing the
semiconductor device.

In the present embodiment, the boron 10ns are 1mplanted
by using the resist film 12 as a mask to form the P~ body
diffused layer 14 and channel region Rchan of the
DMOSEFET, so that the P~ body diffused layer 14 1s formed
similarly to the above first embodiment except that the edge
of the channel region Rchan 1s configured to form a shallow
junction extending toward the drain diffused layer. This 1s
because the thin N™ gate electrode 8a 1s formed prior to the
implantation of the boron i1ons so that the impurity 1ons
penetrate through the thin N* gate electrode 8a during 1on
implantation.

Unlike the conventional method, the semiconductor
device on which the DMOSFET, NMOSFET, and PMOS-

FET thus constructed are mounted according to the present
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embodiment does not require a high-temperature drive-in
process whereby the impurity 1njected into the edge portion
of the region underlying the gate electrode 1s diffused in the
lateral direction along the region immediately below the gate
clectrode. Hence, the present embodiment can solve the
conventional problems (1) and (2), similarly to the first
embodiment. In addition, the present embodiment can
achieve the following remarkable effects.

As described above, the channel region Rchan of the
DMOSFET 1s formed by the impurity 1ons implanted
through the N™ gate electrode 8a. Consequently, even when
the dose and energy for 1on implantation are increased, the
impurity concentration in the channel region Rchan of the P~
body diffused layer 14 1s suppressed so that the threshold 1s
reduced. On the other hand, the depth and 1mpurity concen-
tration of the P~ body diffused layer 14 are increased in the
portion underneath the N™ source diffused layer 15 by
increasing the dose and energy for 1on 1implantation, so that
the activation of a parasitic bipolar transistor can be sup-
pressed advantageously.

In the case of the DMOSFET, a slight change 1n the depth
of the P~ body diffused layer 14 exerts a minimal influence
on the threshold Vt, so that variations 1n the threshold of the
PMOSFET having the buried channel structure described in
the foregoing problem (1) are substantially negligible.
(Sixth Embodiment)

In the present embodiment, the same steps as those
illustrated by FIGS. 8(a) to 8(c) and FIG. 9(a) in the above
fifth embodiment are performed prior to the step illustrated
by FIG. 10(a). Specifically, an N~ drain diffused layer 2 as
the first impurity diffused layer of a DMOSFET, a P~-well
diffused layer 3 of an NMOSFET, and an N™-well diffused
layer 4 of a PMOSFET are formed 1n a P-type semiconduc-
tor substrate 1, followed by the formation of an 1solation §
for defining respective regions in which the DMOSFET,
NMOSFET, and PMOSFET are to be formed. Then, a P~
diffused layer 6 for Vt control 1s formed in the region in
which the PMOSFET is to be formed. After gate oxide films
7 are formed on the surfaces of the respective regions of the

P-type semiconductor substrate 1, there are formed an N7
cgate electrode 8a of the DMOSFET, an N™ gate electrode 8b

of the NMOSFET, and an N™ gate electrode 8c of the
PMOSEFET, each composed of a polysilicon film having a
thickness of 200 nm. Subsequently, boron 10ons are implanted
in one step 1nto the region of the DMOSFET 1n which a body
diffused layer 1s to be formed. In this step, the boron 10ns are
implanted by using, as a mask, the resist film 12 with an
opening corresponding to the region 1n which the source of
the DMOSFET is to be formed and the N gate electrode 8a
of the DMOSFET shown in FIG. 10(a). In the present
embodiment also, the boron 1ons are implanted under the
same conditions as used 1n the above fifth embodiment. In
the present embodiment also, the boron 1ons penetrate
through the N* gate electrode 8a composed of a thin
polysilicon film (200 nm) to be implanted into about one half
on the source side of the region underlying the N™ gate
clectrode 8a, similarly to the above fifth embodiment.
Hence, the boron 1ons are implanted shallow mto about one
half on the source side of the region underlying the N™ gate
clectrode 8a.

After the foregoing steps are performed, boron 1ons are
implanted into the region of the DMOSFET 1n which the
body diffused layer 1s to be formed by using, as a mask, the
same resist mask 12 used 1n the above step and the N gate
clectrode 8a of the DMOSFET at high acceleration energy
of about 150 keV and a dose of 1x10"*/cm™ and at a small
tilt angle, for exmaple, of 0° from an axis perpendicular to
the surface of the P-type semiconductor substrate 1.
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Next, as shown in FIG. 10(b), the resist film 12 1s removed
and a heat treatment is performed at about 850° C. for about
30 minutes to form a P~ body diffused layer 14, a channel
region Rchan, and a P* body buried diffused layer 32 as the
third 1r]:1pur1ty diffused layer of the DMOSFET. In this case,
the edge in the lateral direction of the P* body burred
diffused layer 32 lies in the roughly central portion of the N™
gate electrode 8a of the DMOSFET. The P* body buried
diffused layer 32 1s formed deeper mto the semiconductor
substrate 1 than the P~ body diffused layer 14 so that the
surface concentration of the P~ body diffused layer 14
immediately below the N™ gate electrode 8a 1s barely
influenced by the P™ body buried diffused layer 32. Hence,
the Vt of the DMOSFET 1s determined only by the P~ body
diffused layer 14 without being influenced by the P™ body
buried diffused layer 32.

Since the 1ons have been implanted to form the P~ body
diffused layer 14 prior to 1on 1implantation for the formation
of the P* body buried diffused layer 32, the crystal in the
semiconductor substrate has been turned amorphous to a
certain degree. The 1ons are then implanted vertically to
surely prevent channeling during 1on implantation.
Consequently, the configuration of the P™ body buried
diffused layer 32 will not become irregular
Next, as shown in FIG. 10(c), arsemc 10ns are 1mplanted
at about 40 keV and 4x10*°/cm™= into the regions in which
the DMOSFET and NMOSFET are to be formed by using a
resist film as a mask. Then, BF, 10ns are implanted at about
40 keV and 3x10"°/cm™ into the region in which the
PMOSFET 1s to be formed and a heat treatment 1s subse-
quently performed at about 850° C. for about 60 minutes to

form an N source diffused layer 15 and an N™ drain diffused
layer 16 of the DMOSFET, an N™ source diffused layer 17

and an N drain diffused layer 18 of the NMOSFET, and a
P* source diffused layer 19 and a P* drain diffused layer 20

of the PMOSFET.

Thereafter, an NSG {ilm having a thickness of about 800
nm 1s formed as an 1nterlayer insulating film by low-pressure
CVD or like method, which 1s then dry etched by using a
resist film as a mask to form contact holes, though the
drawing thereof 1s omitted 1n the present embodiment.
Finally, an Al film 1s formed as metal interconnections by
sputtering, which 1s then etched by using a resist film as a
mask to form Al interconnections, thereby finishing the
semiconductor device.

In the present embodiment also, the edge of the channel
region Rchan 1s configured to form a shallow junction
extending toward the drain diffused layer, similarly to the
above {ifth embodiment. Hence, the present embodiment can
achieve the same effects as achieved by the above fifth
embodiment. In addition, the present embodiment can
improve the property of withstanding the voltage between
the source and drain since the activation of the parasitic
bipolar transistor 1s suppressed.

Since the respective 1on implantations for forming the

body diffused layer 14 and the P™ body buried diffused layer

32 are performed using the same mask, 1t 1s sufficient to add
one extra step of 1on implantation, so that the effect is
achieved at slightly increased cost.
(Seventh Embodiment)

In the present embodiment, the same steps as illustrated
by FIGS. 1(a) to 1(c) in the above first embodiment are
performed prior to the step illustrated by FIG. 11(a).

Specifically, an N~ drain diffused layer 2 as the first impurity
diffused layer of a DMOSFET, a P~-well diffused layer 3 of
an NMOSFET, and an N™-well diffused layer 4 of a PMOS-

FET are formed in a P-type semiconductor substrate 1,
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followed by the formation of an isolation 5 for defining
respective regions in which the DMOSFET, NMOSFET, and

PMOSFET are to be formed. Then, a P~ diffused layer 6 for
Vt control 1s formed 1n the region 1n which the PMOSFET
1s to be formed. After gate oxide films 7 are formed on the
surfaces of the respective regions of the P-type semicon-
ductor substrate 1, there are formed an N™ gate electrode 8a

of the DMOSFET, an N™ gate electrode 8b of the
NMOSFET, and an N™ gate electrode 8c of the PMOSFET,
cach composed of a polysilicon film having a thickness of
300 nm. In the present embodiment, however, the gate
clectrodes 8a to 8¢ are smaller 1n width than in any of the
above embodiments.

Next, as shown in FIG. 11(a), boron ions are implanted in
two steps from two directions forming a plane angle of 180°
therebetween mto a region of the DMOSFET in which a
body diffused layer 1s to be formed by using, as a mask, the

resist 11lm 12 with an opening corresponding to a region of
the DMOSFET 1n which the source 1s to be formed and an

n" gate electrode 8a of the DMOSFET. In the first step, the
boron ions are implanted at about 120 keV and 4x10"°/cm™>
and at a tilt angle of about 10° from an axis perpendicular to
a surface of the P-type semiconductor substrate 1 so that the
boron 1ons are mtroduced only into a region underlying the
edge on the source side of the N™ gate electrode 8a of the
DMOSEFET. In the second step, the semiconductor substrate
1 1s rotated by 180 degrees before the boron 1ons are
implanted at a tilt angle of 10° so that the boron ions are
introduced 1nto a portion of the region in which the DMOS-
FET 1s to be formed underlying the edge of the 1solation 5.

Next, as shown in FIG. 11(b), the resist film 12 is removed
and a heat treatment is performed at about 850° C. for about
30 minutes to form a P~ body diffused layer 14 as the second
impurity diffused layer of the DMOSFET.

Next, as shown in FIG. 11(c), a silicon dioxide film is
deposited to a thickness of about 200 nm over the entire
surface of the silicon substrate by low-pressure CVD or like
method, which 1s then etched back by anisotropic dry
ctching to form sidewalls 22 on both side faces of each of the
cgate electrodes 8a to 8c.

Next, as shown in FIG. 11(d), arsenic ions are implanted
at about 40 keV and 4x10">/cm™= into the respective regions
in which the DMOSFET and NMOSFET are to be formed
by using a resist film (not shown) and the sidewalls 22 as a
mask. Then, BF, 1ons are implanted at about 40 keV and
3x10"/cm™ into the region in which the PMOSFET is to be
formed and a heat treatment 1s subsequently performed at
about 850° C. for about 60 minutes to form an N™ source
diffused layer 15, a channel region Rchan, and an N* drain

diffused layer 16 of the DMOSFET, an N source diffused
layer 17 and an N™ drain diffused layer 18 of the NMOSFET,
and a P* source diffused layer 19 and a P* drain diffused
layer 20 of the PMOSFET.

Thereafter, an NSG film having a thickness of about 800
nm 1s formed as an interlayer insulating film by low-pressure
CVD or like method, which 1s then dry etched by using a
resist film as a mask to form contact holes, though the
drawing thereof 1s omitted 1n the present embodiment.
Finally, an Al film 1s formed as metal interconnections by
sputtering, which 1s then etched by using a resist film as a
mask to form Al interconnections, thereby finishing the
semiconductor device.

In forming the P~ body diffused layer 14 and channel
region Rchan of the DMOSFET 1n the present embodiment,
the boron ions are implanted at a tilt angle of 10° much
smaller than the tilt angle of 30° at which the boron ions are
implanted 1n each of the above embodiments and at such a
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tilt angle that the boron ions are introduced into the N™* gate
clectrode 8a of the DMOSFET through the side face thereot
which 1s closer to the source region and uncovered with the
resist film 12, as shown in FIG. 11(a). Subsequently, a
low-temperature heat treatment for activation i1s performed

to form the P~ body diffused layer 14 and channel region

Rchan of the DMOSFET. Thereafter, the sidewalls 22 are
formed on the side faces of the N™ gate electrode 8a of the
DMOSEFET prior to the formation of the N* source diffused
layer 15 of the DMOSFET so that arsenic 1ons are implanted
into a region displaced from the region 1nto which the boron
1ions are implanted to form the P~ body diffused layer of the

DMOSFET toward the source region, thereby forming the
N™ source diffused layer 15.

The semiconductor device on which the DMOSFET,
NMOSFET, and PMOSFET thus constructed are mounted
achieves the following effects.

As described above, since the P~ body diffused layer 14
and channel region Rchan of the DMOSFET are formed by
implanting the 10ns into the body diffused layer at a small tilt
angle and then the N source diffused layer 15 1s formed by
forming the sidewalls 22 on the side faces of the N* gate
clectrode 8a and using the sidewalls as a mask, the channel
region Rchan sufficiently long can be formed easily between
the N™ source diffused layer 15 and the N~ drain diffused
layer 2 by introducing the impurity into the region under-
lying the gate electrode simply by 1on implantation and
low-temperature activation process. Hence, 1t will be under-
stood that the threshold can be controlled easily without
performing a high-temperature drive-in process which has
previously been performed to extend the body diffused layer
in the lateral direction and that the present embodiment can
achieve the same effects as achieved by the first embodi-
ment.

Moreover, since the boron 10ons are implanted at a small
tilt angle (10°) in the step illustrated by FIG. 11(a) in the
present embodiment, the depth of the P~ body diffused layer
14 of the DMOSFET becomes larger in the present embodi-
ment than 1n the above first to fourth embodiment, resulting
in a lower resistance of the p~ body diffused layer 14.
Consequently, even when the surface concentration and
threshold voltage of the DMOSFET are lowered to improve
the performance of the DMOSFET, the resistance of the P~
body diffused layer can be reduced to a value lower than in
the first embodiment. As a result, variations in threshold
voltage resulting from an increase in potential at a body
terminal induced by the substrate current of the DMOSFET
are suppressed In particular, even when an NPN bipolar
transistor using the P~ body diffused layer 14 as the base, the
N* source diffused layer 15 as the emitter, and the N™ drain
diffused layer 2 as the collector 1s produced, 1t presents a low
resistance because of a high impurity concentration in the
portion corresponding to the base, so that it becomes pos-
sible to suppress the activation of the parasitic bipolar
transistor, resulting 1n an 1mproved property of withstanding
the voltage between the source and drain. In the case of
forming the DMOSFET simultaneously with the NMOSFET
and PMOSFET, sidewalls are typically provided on the gate
electrodes of the NMOSFET and PMOSFET, so that the
adoption of the manufacturing method of the present
embodiment enables the formation of a semiconductor
device having a DMOSFET with an excellent property of
withstanding the voltage between the source and drain
without increasing the number of process steps.
(Variations of First to Seventh Embodiments)

Although the source and drain contact diffused layers of
the DMOSFET 1n each of the first to seventh embodiments
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are composed singly of the N™ source diffused layer 15 and
N™ drain diffused layer 16, respectively, an LDD structure or
a double structure of an N~ source diffused layer and an N™
source diffused layer or of an N~ drain diffused layer and an
N™ drain diffused layer may be adopted instead.

Although sidewalls of msulating films are not formed on
the side faces of any of the N™ gate electrode 8a of the

DMOSFET, N™ gate electrode 8b of the NMOSFET, and N™
cgate electrode 8c of the PMOSFET, the sidewalls may be
formed 1nstead. In this case, the sidewalls may be formed
prior to or after ion 1implantation for forming the P~ body
diffused layer 14.

The sidewalls may also be used as a mask 1 10n 1mplan-
tation for forming the source and drain contact diffused

layers.
Although the N™ gate electrode 8a of the DMOSFET, the

N* gate electrode 8b of the NMOSFET, and the N™ gate
clectrode 8c of the PMOSFET are composed of single-layer
f1lms of polysilicon 1n the first to seventh embodiments, they
may be composed of single-layer metal films, semiconduc-
tor films, or silicide films. Alternatively, a conductive film
such as a metal film, semiconductor film, or silicide film or
an 1nsulating film such as a silicon dioxide film may be
formed on the polysilicon film except in the fifth and sixth
embodiments. The formation of such a protective film 1is
particularly advantageous 1n that it enhances the function of
inhibiting the penetration of 1mpurity 1ons during 1on
implantation.

Although the gate electrode of the PMOSFET is of N™
type 1n the first to seventh embodiment, 1t may be of P type.

Although the low-concentration drain layer of the DMOS-
FET 1s composed of the N~ drain diffused layer 2, 1t may be
composed of an N~ epitaxitially grown layer which may be
formed prior to the formation of the 1solation 5. Likewise,
the P~ body diffused layer 30 may be composed of the P~
epitaxitially grown layer in the fourth embodiment.

Although a diffused layer for Vt control 1s not formed 1n
the NMOSFET 1in the first to seventh embodiments, it may
be formed prior to the formation of the gate oxide films.

Although the 1impurity 1ons are implanted 1n two steps in
the first to seventh embodiments, they may be implanted 1n
four steps by changing directions from which the impurity
ions are implanted every 90° in one plane, since MISFETSs
having gate electrodes located orthogonally to each other are
mostly mounted on the semiconductor device.

In the first, second, and third embodiments, the P~ body
diffused layer 14 and P™ body buried diffused layer 32
composing the body diffused layer of the DMOSFET may be
formed by 1on implantation after the N* source diffused
layer 15 of the DMOSFET 1s formed.

Although the resist film 9 for forming gate electrodes 1s
used as a part of the mask 1 10n implantation for forming the
body diffused layer in the third embodiment, 1t may be
composed of any film other than the resist film processed to

have the same dimensions as the N™ gate electrode 8a of the
DMOSFET.

(On Profile of P~ body diffused layer)

A description will now be given to the relationship
between the angle at which impurity 1ons are implanted to
form the P~ body diffused layer 14 and the profile of the
resulting P~ body diffused layer 14 with reference to FIGS.
12(a) to 12(c) and FIGS. 13(a) and 13(b).

As shown 1n FIG. 12(a), when 1on implantation 1s per-
formed 1n two steps from directions largely tilted from an
ax1s perpendicular to a surface of the semiconductor sub-
strate by using, as a mask, a comparatively thick resist film
12 having an opening small in width, a P~ body diffused
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layer 14 has such a profile that a base thereof 1s recessed 1n
the vicinity of its center. In this case, impurity 1ons laterally
penetrate deep 1nto the semiconductor substrate particularly
in the region underlying the N™ gate electrode 8a of the
DMOSFET. Hence, the channel region 1s surely provided
with a sufficiently large length even when a high-
temperature drive-in diffusion process 1s not performed.

On the other hand, when 10n 1implantation 1s performed 1n
two steps at a moderately large tilt angle (about 20%) by
using a comparatively thin resist film 12 having an opening,
large in width as shown in FIG. 12(b), the P~ body diffused
layer 14 has such a profile that a base thereof 1s projecting
in the wvicinity of its center. The method also enables
impurity 1ons to laterally penetrate into the region underly-
ing the N™ gate electrode 8a.

In the case of performing 1on i1mplantation from one
direction tilted toward the 1solation 5 in the region in which
the source is to be formed as shown in FIG. 12(c¢), the P~
body diffused layer 14 has such a downwardly projecting,
proiile that the deepest portion thereof 1s offset toward the
N™ gate electrode 8a. In this case also, the effects of the
present invention can be achieved. However, it 1s necessary
for the 1impurity 1ons in the P~ body diffused layer 14 to
reach a sufficiently deep portion 1n the lateral direction of the
semiconductor substrate at the side of the 1solation 5 1n order
to prevent contact between the N™ source diffused layer 15
and the N~ drain diffused layer 2 in the first to third
embodiments, 1.e., electrical conduction between the N~
drain diffused layer and the N™ source diffused layer.

As shown in FIG. 13(a), in the case of reducing the
thickness of the gate electrode 8a so as to implant the
impurity 1ons through the portion of the gate electrode 8a
uncovered with the resist film 12 (in this case, the tilt angle
at which the ions are implanted is about 25°, which is
different from the sixth and seventh embodiments), there can
be obtained such a profile that the portion underlying the
gate electrode (the portion forming a channel region) forms
a junction shallower than the junction formed by the other
portion of the P~ body diffused layer 14. The edge of the
portion forming a shallow junction of the P~ body diffused
layer 14 1s determined by the resist film 12. By increasing
the energy and does for implantation 1n such a method, the
depth of the P~ body diffused layer 14 and the impurity
concentration 1n a deep portion of the substrate can be
increased, while the impurity concentration 1n a near-surface
region ol the substrate forming the channel region 1is
reduced. In other words, the threshold can be reduced while
the activation of the parasitic transistor 1s suppressed.

In the case of performing 1on implantation at a small tlt
angle based on the premise that sidewalls are to be formed
on both side faces of the gate electrode 8a 1n the subsequent
step as shown in FIG. 13(b), the P~ body diffused layer 14
presents a proiile simply projecting downward toward the
depths of the substrate. In this case, the lateral penetration of
impurity 10ons below the gate electrode 8a 1s not so deep but
the depth 1n the vertical direction of the P~ body diffused
layer 14 1s increased, while the resistance of the P~ body
diffused layer 14 i1s reduced, which advantageously sup-
presses the activation of the parasitic bipolar transistor
differentially. By forming the insulator sidewalls on both
sides of the gate electrodes afterwards and performing 1on
implantation by using the insulator sidewalls and the gate
clectrode as a mask to form the source diffused layer, it
becomes possible to provide a desired interval (roughly
equal to the thickness of the silicon dioxide film for forming
the sidewalls) between the edge of the source diffused layer

and the edge of the P~ body diffused layer 14, so that a
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channel region 1s provided with a sufficient length. Hence,
the transistor having the profile exhibits excellent properties.

In the case of implanting impurity 1ons from a direction
hardly tilted from an axis perpendicular to the surface of the
semiconductor substrate (<10°) and subsequently perform-
ing a high-temperature drive-in process in accordance with
a conventional method, the P~ body diffused layer presents
a downwardly projecting profile with substantially a flat
base.

Since the impurity 1ons implanted as they are do not
function as acceptors or donors, a heating process for
activation 1s required. Although the impurity 1ons are dif-
fused slightly by the heating process, the distance travelled
by the diffused 1mpurity 1ons 1s extremely small compared
with the distance travelled by the diffused impurity 1ons in
the conventional high-temperature drive-1n process. Accord-
ing to the method of the present invention, 1t 1s sufficient to
perform a heat treatment at a comparatively low temperature
for a long period of time at about 850° C. for about 30
minutes or, alternatively, a heat treatment at a comparatively
high temperature for an extremely short period of time, since
the diffused impurity 1ons need not travel a long distance. By
contrast, the conventional method requires a heat treatment
at a high temperature for a long period of time at about
1000° C. for about 30 minutes, which is greatly different
from the method of the present invention in terms of
conditions.

(Eighth Embodiment)

Each of the following embodiments includes the process
of manufacturing a MOSFET for high voltage which does
not necessarily involve double diffusion, 1.¢., the process of
manufacturing a MOSFET for high voltage other than a
DMOSFET. However, each DMOSFET will be termed
“DMOSFET” 1in the following description for the sake of
convenience.

As shown in FIG. 14(a), ion implantation is performed by
implanting arsenic 1ons 1nto a P-type semiconductor sub-
strate 101 with a resistivity of 10 to 20 £2-cm at 40 keV and
5x10'"/cm®. Then, a heat treatment is performed with
respect to the semiconductor substrate 101 at a temperature
of about 1100° C. for about 100 minutes, thereby forming a
buried collector diffused layer 102 of an NPN bipolar
transistor, a buried diffused layer 103 of a PNP bipolar
transistor, and a buried diffused layer 104 of a PMOSFET.
Subsequently, boron 10ons are implanted at about 40 keV and
8x10"°/cm” and a heat treatment is performed with respect
to the semiconductor substrate 101 at a temperature of about
900° C. for about 30 minutes, thereby forming a body
diffused layer 105 of a DMOSFET, a buried collector
diffused layer 106 of the PNP bipolar transistor, a buried
diffused layer 107 of an NMOSFET, and a buried 1solation
C layer 108 for 1solation.

liffused
Next, as shown in FIG. 14(b), there is formed an N-type
epitaxial layer 109 having a resistivity of 1 €2-cm and a
thickness of about 1.2 um. Then, boron 10ons are implanted
at about 150 keV and 2x10"*/cm” and a heat treatment is
subsequently performed with respect to the semiconductor
substrate 101 at about 1100° C. for about 100 minutes,
thereby forming a well diffused layer 110 for 1solation, a
collector diffused layer 111 of the PNP bipolar transistor, and
a body diffused layer 112 of the NMOSFET. Since the

1mpur1ty 1s diffused by the heat treatment, the buried body
diffused layer 105 of the DMOSFET, the buried collector

diffused layer 106 of the PNP bipolar transistor, the buried
1 layer 107 of the NMOSFET, and the buried 1sola-

diffused
tion diffused layer 108 for isolation extend upwardly to

reach a surface of the substrate. On the other hand, there are
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at least partially overlapping portions between the well
diffused layer 110 and the buried isolation diffused layer
108, between the buried diffused layer 107 and body dif-
fused layer 112 of the NMOSFET, and between the buried
collector diffused layer 106 and collector diffused layer 111
of the PNP bipolar transistor.

Next, as shown 1n FIG. 14(c), a thermal oxide film 113
having a thickness of about 350 nm 1s formed on the N-type
epitaxial layer 109 by selective oxidation or like method.
Then, boron 1ons are implanted at about 30 keV and 1.2x
10"°/cm” to form an intrinsic base diffused layer 114 of the
NPN bipolar transistor. Subsequently, phosphorus 1ons are
implanted at about 150 keV and 1.22x10"°/cm” to form an
intrinsic base diffused layer 115 of the PNP bipolar transis-
tor.

Next, as shown in FIG. 14(d), the substrate surface is
covered with gate oxide films 116 having a thickness of
about 15 nm, followed by the deposition of a polysilicon
film having a thickness of about 0.4 um thereon, which is
then patterned to form an N-type gate electrode 117 of the

DMOSFET, an N-type gate electrode 118 of the NMOSFET,
and an N-type gate electrode 119 of the PMOSFET.
Subsequently, arsenic 1ons are implanted at 40 keV and
1x10™°/cm” to form a source diffused layer 120 and a drain
contact diffused layer 121 of the DMOSFET, an emitter
diffused layer 122 and a collector contact diffused layer 123
of the NPN bipolar transistor, and source/drain diffused
layers 124 of the NMOSFET. In the DMOSFET, a region of
the buried body diffused layer 105 underlying the N-type
cgate electrode 117 and interposed between the source dif-
fused layer 120 and the N-type epitaxial layer 109 forms a
channel region 125. The length of the channel region 125 1s
determined by a difference 1n lateral diffusion length
between the buried body diffused layer 105 and the source
diffused layer 120. Thereafter, 1ons of boron fluoride are
implanted at 40 keV and 3x10"/cm? to form a body contact
diffused layer 126 of the DMOSFET and an emitter diffused
layer 127 and a collector contact diffused layer 128 of the
PNP bipolar transistor, and source/drain diffused layers 129

of the PMOSFET.

Next, as shown in FIG. 14(e), a protective film 13 having
a thickness of about 0.7 um 1s formed, followed by the
formation of metal electrodes 131 on the respective
clements, thereby finishing the semiconductor device.

According to the present embodiment, since the buried
body diffused layer 105 extends 1n the epitaxial layer 109 to
reach the substrate surface in the DMOSFET 1solated from
the bipolar transistor by the PN junction isolation (buried
isolation diffused layer 108), the impurity concentration is
lower 1n a portion closer to the substrate surface.
Accordingly, the 1mpurity concentration of the channel
region 125 formed near the substrate surface is reduced and
the threshold, 1.e., on-resistance of the DMOSFET can be
reduced. On the other hand, the impurity concentration of
the buried body diffused layer 105 inside the substrate is
higher than that of the channel region 125, so that the base
resistance of the parasitic bipolar transistor is lowered.
Hence, the on-resistance of the DMOSFET can be reduced
at the same time as the activation of the parasitic bipolar
transistor 1s suppressed.

Moreover, since the present embodiment does not require
an extra step added to the BiCMOS process 1n order to form
the DMOSFET, the DMOSFET can be formed without
alfecting the properties of the bipolar transistor and MOS-
FET and without increasing the cost of manufacturing the
semiconductor device.
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(Ninth Embodiment)

As shown in FIG. 15(a), arsenic ions are implanted at 40

kev and 5x10™/cm” into a P-type semiconductor substrate
201 having a resistivity of 10 to 20 £2-cm. Subsequently, a
heat treatment 1s performed with respect to the semiconduc-
tor substrate 201 at a temperature of 1100° C. for about 100
minutes to form a buried collector diffused layer 202 of an
NPN bipolar transistor, a buried diffused layer 203 of a PNP
bipolar transistor, and a buried diffused layer 204 of a
PMOSFET. Then, boron 1ons are implanted at 40 keV and
8x10"/cm” and a heat treatment is subsequently performed
with respect to the semiconductor substrate 201 at a tem-
perature of 900° C. for about 30 minutes to form a buried
body diffused layer 205 of the DMOSFET, a buried collector
diffused layer 206 of the PNP bipolar transistor, a buried
diffused layer 207 of the NMOSFET, and a buried 1solation
diffused layer 208 for 1solation.
Next, as shown in FIG. 15(b), there is an N-type epitaxial
layer 209 having a resistivity of 1 €2-cm and a thickness of
about 2.5 um. Then, boron 10ons are 1mplanted at 150 keV
and 2x10"/cm® and a heat treatment is subsequently per-
formed at a temperature of about 1100° C. for about 100
minutes to form a well diffused layer 210 for isolation, a
collector diffused layer 211 of the PNP bipolar transistor,
and a body diffused layer 212 of the NMOSFET. On the
other hand, there are at least partially overlapping portions
between the well diffused layer 210 and the buried 1solation
diffused layer 208, between the buried diffused layer 207
and body diffused layer 212 of the NMOSFET, and between
the buried collector diffused layer 206 and collector diffused
layer 211 of the PNP bipolar transistor.

Next, as shown 1 FIG. 15(c), a thermal oxide film 213
having a thickness of about 350 nm 1s formed on the N-type
epitaxial layer 209 by selective oxidation or like method.
Then, boron ions are implanted at 30 keV and 1.2x10"°/cm?
to form an intrinsic base diffused layer 214 of the NPN
bipolar transistor. Subsequently, phosphorus 1ons are
implanted at 150 keV and 1.22x10"/cm” to form an intrin-
sic base diffused layer 215 of the PNP bipolar transistor.

Next, as shown in FIG. 15(d), the substrate surface is
covered with gate oxide films 216 having a thickness of
about 15 nm, followed by the deposition of a polysilicon
film having a thickness of about 0.4 um thereon, which 1s

then patterned to form an N-type gate electrode 127 of the
DMOSEFET, an N-type gate electrode 218 of the NMOSFET,

and an N-type gate electrode 219 of the PMOSFET. Then,
boron ions are implanted at 140 ke V and 3x10"*/cm*” to form
a body diffused layer 220 of the DMOSFET. The body
diffused layer 220 has at least a partially overlapping portion
with the buried body diffused layer 205. Subsequently,
arsenic ions are implanted at 40 ke V and 1x10"°/cm” to form
a source diffused layer 221 and a drain contact diffused layer
222 of the DMOSFET, an emitter diffused layer 223 and a
collector contact diffused layer 224 of the NPN bipolar
transistor, and source/drain diffused layers 225 of the
NMOSFET. In the DMOSFET, a region of the body diffused
layer 220 underlying the N-type gate electrode 217 and
interposed between the source diffused layer 222 and the
N-type epitaxial layer 209 forms a channel region 226. The
length of the channel region 226 1s determined by a differ-
ence 1n lateral diffusion length between the body diffused
layer 220 and the source diffused layer 221. Thereafter, 10ns
of boron fluoride are implanted at 40 keV and 3x10*°/cm?
to form a body contact diffused layer 227 for the DMOSFET,
an emitter diffused layer 228 and a collector contact diffused
layer 229 of the PNP bipolar transistor, and source/drain

diffused layers 230 of the PMOSFET.
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Next, as shown in FIG. 15(e), a protective film 231 having
a thickness of about 0.7 um 1s formed, followed by the
formation of metal electrodes 232 on the respective
clements, thereby finishing the semiconductor device.

According to the present embodiment, the buried body
diffused layer 205 1s at least partially overlapping the body
diffused layer 220 to form the body region in the DMOSFET
1solated by the PN junction isolation. The impurity concen-
fration 1n a region near the substrate surface i1s predomi-
nantly determined by the impurity concentration in the body
diffused layer 220. On the other hand, the impurity concen-
tration of the body region inside the substrate becomes equal
to the 1mpurity concentration of the buried body diffused
layer 205 or the sum of the impurity concentration of the
buried body diffused layer 205 and the impurity concentra-
fion of the body diffused layer 220. Since the impurity
concentration of the buried body diffused layer 205 1s higher
than the 1mpurity concentration of the body diffused layer
220 1n the present embodiment, the base resistance of the
parasitic bipolar transistor 1s reduced. Hence, the
on-resistance of the DMOSFET can be reduced at the same
fime as the activation of the parasitic bipolar transistor is
suppressed.

Moreover, 1n contrast to the conventional process of
forming BiICMOS and DMOSFET, the present embodiment
does not require an extra step added to the process of
forming BiICMOS and DMOSFET since the buried body
diffused layer 205 of the DMOSFET 1s formed simulta-
neously with the formation of the buried diffused layers 206
to 208 of the same conductivity type as that of the semi-
conductor substrate 201 1n the BICMOS process. Hence, the
on-resistance of the DMOSFET can be reduced at the same
fime as the activation of the parasitic bipolar transistor is
suppressed without affecting the properties of the bipolar
transistor and MOSFET and without increasing the cost of
manufacturing the semiconductor device.

(Tenth Embodiment)

As shown 1n FIG. 16(a), phosphorus 1ons are implanted at
180 keV and 2x10"'/cm” and subsequently boron ions are
implanted at 150 keV and 2x10'%/cm? into a P-type semi-
conductor substrate 301 having a resistivity of 10 to 20 £2-m.
Thereafter, a heat treatment 1s performed at a temperature of
about 1100° C. for about 100 minutes to form a drain
diffused layer 32 of a DMOSFET, a collector diffused layer
303 of an NPN bipolar transistor, an 1solation diffused layer
304 of a PNP bipolar transistor, a body diffused layer 305 of
a PMOSFET, a collector diffused layer 306 of the PNP
bipolar transistor, a body diffused layer 307 of an
NMOSFET, and a well diffused layer 308 for isolation.

Next, as shown in FIG. 16(b), a thermal oxide film 309
having a thickness of about 350 nm 1s formed on the
semiconductor substrate 301 by selective oxidation or like
method. Then, boron 1ons are implanted at 30 keV and
1.2x10"°/cm* to form an intrinsic base diffused layer 310 of
the NPN bipolar transistor. Subsequently, phosphorus 1ons
are implanted at 150 keV and 1.22x10"°/cm” to form an
intrinsic base diffused layer 311 of the PNP bipolar transis-
tor.

Next, as shown in FIG. 16(c), the substrate surface is
covered with gate oxide films 312 having a thickness of
about 15 nm, followed by the deposition of a polysilicon
film having a thickness of about 0.4 um thereon, which is
then patterned to form an N-type gate electrode 313 of the

DMOSFET, an N-type gate electrode 314 of the NMOSFET,
and an N-type gate electrode 315 of the PMOSFET. Then,
boron ions are implanted at 140 keV and 3x10'* cm? to form

a body diffused layer 316 of the DMOSFET. Subsequently,

10

15

20

25

30

35

40

45

50

55

60

65

30

boron ions are implanted again at 500 keV and 5x10"*/cm”
to form a buried body diffused layer 317 of the DMOSFET.
The body diffused layer 316 has at least a partially overlap-
ping portion with the buried body diffused layer 317.

Next, as shown in FIG. 16(d), arsenic ions are implanted
at 40 keV and 1x10"°/cm” to form a source diffused layer
318 and a drain contact diffused layer 319 of the DMOSFET,
an emitter diffused layer 320 and a collector contact diffused
layer 321 of the NPN bipolar transistor, and source/drain
diffused layers 322 of the NMOSFET. In the DMOSFET, a
region of the body diffused layer 316 underlying the N-type
cgate electrode 313 and interposed between the source dif-
fused layer 318 and the drain diffused layer 302 forms a
channel region 323. The length of the channel region 323 1s
determined by a difference 1n lateral diffusion length
between the body diffused layer 316 and the source diffused
layer 318. Then, 10ons of boron fluoride are 1implanted at 40
keV and 3x10"/cm* to form a body contact diffused layer
324 of the DMOSFET, an emitter diffused layer 325 and a
collector contact diffused layer 326 of the PNP bipolar
transistor, and source/drain diffused layers 327 of the
PMOSFET.

Next, as shown in FIG. 16(¢), a protective film 328 having
a thickness of about 0.7 um 1s formed, followed by the
formation of metal electrodes 329 on the respective
clements, thereby finishing the semiconductor device.

According to the present embodiment, the buried body
diffused layer 317 partially overlaps the body diffused layer
316 to form the body layer in the DMOSFET isolated by the
PN junction 1solation. The impurity concentration of the
channel region 322 near the substrate surface 1s predomi-
nantly determined by the impurity concentration of the body
diffused layer 316. On the other hand, the impurity concen-
tration of the body region inside the substrate becomes equal
to the 1mpurity concentration of the buried body diffused
layer 31 or the sum of the impurity concentration of the
buried body diffused layer 317 and the 1impurity concentra-
tion of the body diffused layer 316. Since the impurity
concentration of the body diffused layer 316 1s lower than
the 1mpurity concentration of the buried body diffused layer
317 1n the present embodiment, the base resistance of the
parasitic bipolar transistor 1s reduced. Hence, the
on-resistance of the DMOSFET can be reduced at the same
time as the activation of the bipolar transistor 1s suppressed.

In addition, the present embodiment does not require the
formation of an epitaxial layer which has conventionally
been required to reduce the on-resistance of the DMOSFET
or to provide 1solation 1n the case of forming the DMOSFET
in the BICMOS process. The epitaxial layer 1s unnecessary
in the present embodiment since the on-resistance can be
reduced by the buried body diffused layer 317 formed 1n the
DMOSFET and the 1solation has been formed.
Consequently, the cost of manufacturing the semiconductor
device 1s not icreased, while the properties of the bipolar
transistor and MOSFET are not affected.

Although the body diffused layer 317 1s formed after the
body diffused layer 316 1s formed 1n the present
embodiment, the step of forming the buried body diffused
layer 317 can be performed at any stage.

(Eleventh Embodiment)

As shown in FIG. 17(a), arsenic ions are implanted at 40
keV and 5x10™*/cm” into a P-type semiconductor substrate
401 having a resistivity of 10 to 20 £2-cm. Thereafter, a heat
treatment 1s performed with respect to the semiconductor
substrate 401 at a temperature of about 1100° C. for about
100 minutes, thereby forming a drain diffused layer 402 of

a DMOSFET, a buried collector diffused layer 403 of an
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NPN bipolar transistor, a buried diffused layer 404 of a PNP
bipolar transistor, and a buried diffused layer 405 of a
PMOSFET. Then, boron 10ons are implanted at 40 keV and
8x10"°/cm” and a heat treatment is subsequently performed
with respect to the semiconductor substrate 401 at a tem-
perature of about 900° C. for about 30 minutes, thereby
forming a buried body diffused layer 406 of the DMOSFET,
a collector diffused layer 407 of the PNP bipolar transistor,
a buried diffused layer 408 of the NMOSFET, and a buried
1solation diffused layer 409 for isolation.

Next, as shown in FIG. 17(b), an N-type epitaxial layer

410 having a resistivity of 1 £2-cm and a thickness of 1.2 um
1s formed. Then, boron 10ons are 1implanted at 150 keV and
2x10"*/cm* and a heat treatment is subsequently performed
with respect to the semiconductor substrate 401 at a tem-
perature of about 1100° C. for about 100 minutes, thereby
forming a well diffused layer 411 for 1solation, a collector
diffused layer 412 of the PNP bipolar transistor, and a body
diffused layer 413 of the NMOSFET. Since the impurity 1s
diffused by the heat treatment, the buried body diffused layer
406 of the DMOSFET, the buried collector diffused layer
407 of the PNP bipolar transistor, the buried diffused layer
408 of the NMOSFET, and the buried isolation diffused
layer 409 for isolation extend upwardly to reach the sub-
strate surface. There are at least partially overlapping por-
fions between the well diffused layer 411 and the buried
1solation diffused layer 409, between the buried diffused
layer 408 and body diffused layer 413 of the NMOSFET, and
between the buried collector diffused layer 407 and collector
diffused layer 412 of the PNP bipolar transistor. Since the
diffusion rate of boron 1s higher than that of arsenic, a part
of the buried body diffused layer 406 extends to overlie the
drain diffused layer 402 as a result of the heat treatment. On
the other hand, the buried body diffused layer 406 1s lower
in 1mpurity concentration than the buried drain diffused
layer 402. As a result, the buried body diffused layer 406 1s
divided mto upper and lower parts by the buried drain
diffused layer 402.
Next, as shown in FIG. 17(c), a thermal oxide film 414
having a thickness of about 350 nm 1s formed on the N-type
epitaxial layer 410 by selective oxidation or like method.
Then, boron ions are implanted at 30 keV and 1.2x10"°/cm”
to form an intrinsic base diffused layer 415 of the NPN
bipolar transistor. Subsequently, phosphorus 1ons are
implanted at 150 keV and 1.22x10"°/cm* to form an intrin-
sic base diffused layer 416 of the PNP bipolar transistor.

Next, as shown in FIG. 17(d), the substrate surface is
covered with gate oxide films 417 having a thickness of
about 15 nm, followed by the deposition of a polysilicon
film having a thickness of about 0.4 um thereon, which is

then patterned to form an N-type gate electrode 418 of the
DMOSFET, an N-type gate electrode 419 of the NMOSFET,

and an N-type gate electrode 420 of the PMOSFET.
Subsequently, arsenic 1ons are implanted at 40 keV and
1x10™°/cm” to form a source diffused layer 421 and a drain
contact diffused layer 422 of the DMOSFET, an emitter
diffused layer 423 and a collector contact diffused layer 424
of the NPN bipolar transistor, and source/drain diffused
layers 425 of the NMOSFET. In the DMOSFET, a region of
the buried body diffused layer 406 underlying the N-type
cgate electrode 418 and interposed between the source dif-
fused layer 421 and the N-type epitaxial layer 410 forms a
channel region 426. The length of the channel region 426 1s
determined by a difference 1n lateral diffusion length
between the buried body diffused layer 406 and the source
diffused layer 421. Then, 1ons of boron fluoride are
implanted at 40 keV and 3x10"/cm? to form a body contact
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diffused layer 427 of the DMOSFET, an emitter diffused
layer 428 and a collector contact diffused layer 429 of the
PNP bipolar transistor, and source/drain diffused layers 430
of the PMOSFET.

Next, as shown 1n FIG. 17(¢e), a protective film 431 having
a thickness of about 0.7 um 1s formed, followed by the
formation of metal electrodes on the respective elements,
thereby finishing the semiconductor device.

According to the present embodiment, 1n the DMOSFET
isolated by the PN junction isolation, the buried body
diffused layer 406 extends upwardly 1n the epitaxial layer
410 as the diffusion of the impurity proceeds to reach the
substrate surface, so that the impurity concentration 1s lower
1in a portion closer to the substrate surface. Accordingly, the
impurity concentration of the channel region 426 formed
near the substrate surface 1s reduced and the on-resistance
can be reduced. On the other hand, the impurity concentra-
tion of the buried body diffused layer 406 inside the sub-
strate 1s higher than that of the channel region 426, so that
the base resistance of the parasitic bipolar transistor is
lowered. Hence, the on-resistance of the DMOSFET can be
reduced at the same time as the activation of the parasitic
bipolar transistor 1s suppressed.

In addition, since the present embodiment does not
require an extra step added to the BiICMOS process to form
the DMOSFET, the DMOSFET can be formed without
affecting the properties of the bipolar transistor and MOS-
FET and without increasing the cost of manufacturing the
semiconductor device.

In the present embodiment, the buried drain diffused layer
402 of the same conductivity type as the semiconductor
substrate 401 has resistance lower than that of the semicon-
ductor substrate 401, since the impurity concentration of the
buried drain diffused layer 402 1s higher than that of the
semiconductor substrate 401. Accordingly, the drain current
passing through the channel region 426 tlows through the
buried drain diffused layer 402 having lower resistance
rather than the semiconductor substrate 401 having higher
resistance, so that the resulting DMOSFET has lower
on-resistance.

Furthermore, a Zener diode 1s formed between the buried
body diffused layer 406 and the buried drain diffused layer
402 1n the present embodiment. Since a high-voltage surge
from a load or the like 1s absorbed by the Zener diode, a
high-surge-withstand property 1s obtained.

(Twelfth Embodiment)

As shown in FIG. 18(a), arsenic ions are implanted at 40
keV and 5x10™*/cm” into a P-type semiconductor substrate
501 having a resistivity of 10 to 20 £2-cm. Thereafter, a heat
treatment 1s performed with respect to the semiconductor
substrate 501 at a temperature of about 1100° C. for about
100 minutes, thereby forming a buried drain diffused layer
502 of a DMOSFET, a buried collector diffused layer 503 of
an NPN bipolar transistor, a buried diffused layer 504 of a
PNP bipolar transistor, and a buried diffused layer 505 of a
PMOSEFET. Then, boron 1ons are implanted at 40 keV and
8x10"°/cm” and a heat treatment is subsequently performed
with respect to the semiconductor substrate 501 at a tem-
perature of about 900° C. for about 30 minutes, thereby
forming a buried body diffused layer 506 of the DMOSFET,
a collector diffused layer 507 of the PNP bipolar transistor,
a buried diffused layer 508 of the NMOSFET, and a buried
1solation diffused layer 509 for isolation.

Next, as shown in FIG. 18(b), an N-type epitaxial layer
510 having a resistivity of about 1 £2-cm and a thickness of
2.5 um 1s formed. Then, boron 10ns are 1implanted at 150 keV
and 2x10™/cm” and a heat treatment is performed with




5,817,551

33

respect to the semiconductor substrate 501 at a temperature
of about 1100° C. for about 100 minutes to form a well
diffused layer 511 for 1solation, a collector diffused layer 512
of the PNP bipolar transistor, and a body diffused layer 513
of the NMOSFET.

There are at least partially overlapping portions between
the well diffused layer 511 and the buried i1solation diffused
layer 509, between the buried diffused layer 508 and body
diffused layer 5§13 of the NMOSFET, and between the buried
collector diffused layer 507 and collector diffused layer 512
of the PNP bipolar transistor. Since the diffusion rate of
boron 1s higher than that of arsenic, a part of the buried body
diffused layer 506 extends to overlie the buried drain dif-
fused layer 502 as a result of the heat treatment. On the other
hand, the buried body diffused layer 506 1s lower 1n impurity
concentration than the buried drain diffused layer 502. As a
result, the buried body diffused layer 506 1s divided into
upper and lower parts by the buried drain diffused layer 502.

Next, as shown in FIG. 18(c), a thermal oxide film 514
having a thickness of about 350 nm 1s formed on the N-type
epitaxial layer 510 by selective oxidation or like method.
Then, boron ions are implanted at 30 keV and 1.2x10"°/cm”
to form an intrinsic base diffused layer 515 of the NPN
bipolar transistor. Subsequently, phosphorus 1ons are
implanted at 150 keV and 1.22x10"*/cm” to form an intrin-
sic base diffused layer 516 of the PNP bipolar transistor.

Next, as shown in FIG. 18(d), the substrate surface is
covered with gate oxide films 517 having a thickness of
about 15 nm, followed by the deposition of a polysilicon
film having a thickness of about 0.4 um thereon, which 1is
then patterned to form an N-type gate electrode 518 of the
DMOSFET, an N-type gate electrode 519 of the NMOSFET,
and an N-type gate electrode 520 of the PMOSFET. Then,
boron ions are implanted at 140 keV and 3x10"*/cm” to form
a body diffused layer 521 of the DMOSFET. The body
diffused layer 521 at least partially overlaps the buried body
diffused layer 506. Subsequently, arsenic 10ons are implanted
at 40 keV and 1x10"°/cm” to form a source diffused layer
522 and a drain contact diffused layer 523 of the DMOSFET,
an emitter diffused layer 524 and a collector contact diffused
layer 525 of the NPN bipolar transistor, and source/drain
diffused layers 526 of the NMOSFET. In the DMOSFET, a
region of the body diffused layer 521 underlying the N-type
cgate electrode 518 and interposed between the source dif-
fused layer 522 and the N-type epitaxial layer 510 forms a
channel region 527. The length of the channel region 527 1s
determined by a difference 1n lateral diffusion length
between the body diffused layer 521 and the source diffused
layer 522. Then, 1ons of boron fluoride are 1implanted at 40
keV and 3x10"/cm* to form a body contact diffused layer
528 of the DMOSFET, an emitter diffused layer 529 and a
collector contact diffused layer 530 of the PNP bipolar
transistor, and source/drain diffused layers 531 of the
PMOSFET.

Next, as shown in FIG. 18(e), a protective film 532 having
a thickness of about 0.7 um 1s formed, followed by the
formation of metal electrodes 533 on the respective
clements, thereby finishing the semiconductor device.

In the present embodiment, the body diffused layer 506
partially overlaps the body diffused layer 521 to form the
body region 1n the DMOSFET 1solated by the PN junction
1solation. The impurity concentration of the channel region
527 near the substrate surface 1s predominantly determined
by the impurity concentration of the body diffused layer 521.
On the other hand, the 1impurity concentration of the body
region 1nside the substrate becomes equal to the impurity
concentration of the buried body diffused layer 506 or the
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sum of the impurity concentration of the buried body
diffused layer 506 and the impurity concentration of the
body diffused layer 506. Since the body diffused layer 521
1s lower 1n 1mpurity concentration than the buried body
diffused layer 506, the base resistance of the parasitic bipolar
transistor 1s reduced. Hence, the on-resistance of the DMOS-
FET can be reduced at the same time as the activation of the
bipolar transistor 1s suppressed.

Moreover, 1n contrast to the conventional process of
forming BICMOS and DMOSFET, the present embodiment
does not require an extra step added to the process of
forming BiICMOS and DMOSFET since the buried body
diffused layer 506 of the DMOSFET 1s formed simulta-
neously with the formation of the buried diffused layers 507
to 509 of the same conductivity type as the semiconductor
substrate 501 1n the Bi1iCMOS process. Hence, the
on-resistance of the DMOSFET can be reduced at the same
fime as the activation of the parasitic bipolar transistor 1s
suppressed without affecting the properties of the bipolar
transistor and MOSFET and without increasing the cost of
manufacturing the semiconductor device.

In the present embodiment, the buried drain diffused layer
502 of the same conductivity type as the semiconductor
substrate 501 has resistance lower than that of the semicon-
ductor substrate 501, since the impurity concentration of the
buried drain diffused layer 502 1s higher than that of the
semiconductor substrate 501. Accordingly, the drain current
passing through the channel region 527 flows through the
buried drain diffused layer 502 having lower resistance
rather than the semiconductor substrate 501 having higher
resistance, so that the resulting DMOSFET has lower
on-resistance.

Furthermore, a Zener diode 1s formed between the buried
body diffused layer 506 and the buried drain diffused layer
502 1n the present embodiment. Since a high-voltage surge
from a load or the like 1s absorbed by the Zener diode, a
high-surge-withstand property 1s obtained.

(Thirteenth Embodiment)

As shown in FIG. 19(a), phosphorus ions are implanted at
180 keV and 2x10'/cm* and boron ions are subsequently
implanted at 150 keV and 2x10"*/cm” into a P-type semi-
conductor substrate 601 having a resistivity of 10 to 20
(2-cm. Thereafter, a heat treatment 1s performed at about
1100° C. for about 100 minutes to form a drain diffused layer
602 of a DMOSFET, a collector diffused layer 603 of an
NPN bipolar transistor, an isolation diffused layer 604 of a
PNP bipolar transistor, a body diffused layer 605 of a
PMOSEFET, a collector diffused layer 606 of a PNP bipolar
transistor, a body diffused layer 607 of an NMOSFET, and
a well diffused layer 608 for 1solation.

Next, as shown in FIG. 19(b), a heat oxide film 609
having a thickness of 350 nm 1s formed on the semiconduc-
tor substrate 601 by selective oxidation or like method.
Then, boron ions are implanted at 30 keV and 1.2x10"°/cm*
to form an iftrinsic base diffused layer 610 of the NPN
bipolar transistor. Subsequently, phosphorus 1ons are
implanted at 150 keV and 1.22x10">/cm” to form an intrin-
sic base diffused layer 611 of the PNP bipolar transistor.

Next, as shown in FIG. 19(c), the substrate surface is
covered with gate oxide films 612 having a thickness of
about 15 nm, followed by the deposition of a polysilicon
film having a thickness of about 0.4 um, which 1s then
patterned to form an N-type gate electrode 613 of the

DMOSEFET, an N-type gate electrode 614 of the NMOSFET,
and an N-type gate electrode 615 of the PMOSFET. Then,
boron ions are implanted at 140 ke V and 3x10"*/cm* to form

a body diffused layer 616 of the DMOSFET. Subsequently,
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boron ions are implanted at 500 keV and 5x10"*/cm” to form
a buried body diffused layer 617 of the DMOSFET. The
body diffused layer 616 at least partially overlaps the buried
body diffused layer 617. Thereafter, arsenic 1ons are
implanted at 2500 keV and 5><1013/CI]:1 to form a buried
drain diffused layer 618 of the DMOSFET.

Next, as shown in FIG. 19(d), arsenic ions are implanted
again at 40 keV and 1x10'°/cm” to form a source diffused
layer 619 and a drain contact layer 620 of the DMOSFET,
an emitter diffused layer 621 and collector contact diffused
layer 622 of the NPN bipolar transistor, and source/drain
diffused layers of the NMOSFET. In the DMOSFET, a
region of the body diffused layer 616 underlying the N-type
cgate electrode 613 and interposed between the source dif-
fused layer 619 and the drain diffused layer 602 forms a
channel region 624. The length of the channel region 624 1s
determined by a difference 1n lateral diffusion length
between the body diffused layer 616 and the source diffused
layer 619. Then, 1ons of boron fluoride are 1mplanted at 40
keV and 3x10"/cm* to form a body contact diffused layer
625 of the DMOSFET, an emitter diffused layer 626 and a
collector contact diffused layer 627 of the PNP bipolar
transistor, and source/drain diffused layers 628 of the
PMOSFET.

Next, as shown in FIG. 19(e), a protective film 629 having
a thickness of about 0.7 um 1s formed, followed by the
formation of metal electrodes 630 on respective elements,
thereby finishing the semiconductor substrate.

In the present embodiment, the buried body diffused layer
617 partlally overlaps the body diffused layer 616 to form a
body region 1n the DMOSFET 1solated by the PN junction
1solation. The impurity concentration of the channel region
624 ncar the substrate surface 1s predominantly determined
by the impurity concentration of the body diffused layer 616.
On the other hand, the 1impurity concentration of the body
region 1nside the substrate becomes equal to the 1mpurity
concentration of the buried body diffused layer 617 or the
sum of the impurity concentration of the buried body
diffused layer 617 and the impurity concentration of the
body diffused layer 616. Since the body diffused layer 616
1s lower 1n 1mpurity concentration than the buried body
diffused layer 617, the base resistance of the parasitic bipolar
transistor 1s reduced. Hence, the on-resistance of the DMOS-
FET can be reduced at the same time as the activation of the
parasitic bipolar transistor 1s suppressed.

In addition, the present embodiment does not require the
formation of an epitaxial layer which has conventionally
been required to reduce the on-resistance of the DMOSFET
or to provide 1solation 1n the case of forming the DMOSFET
in the BICMOS process. The epitaxial layer 1s unnecessary
in the present embodiment since the on-resistance can be
reduced by the buried body diffused layer 617 formed 1n the
DMOSFET and the 1solation has been formed.
Consequently, the cost of manufacturing a semiconductor
device 1s not increased, while the properties of the bipolar
transistor and MOSFET are not affected.

In the present embodiment, the buried drain diffused layer
618 of the same conductivity type as the semiconductor
substrate 601 has resistance lower than that of the semicon-
ductor substrate 601, since the impurity concentration of the
buried drain diffused layer 618 1s higher than that of the
semiconductor substrate 601. Accordingly, the drain current
passing through the channel region 624 flows through the
buried drain diffused layer 618 having lower resistance
rather than the semiconductor substrate 601 having higher
resistance, so that the resulting DMOSFET has lower
on-resistance.

10

15

20

25

30

35

40

45

50

55

60

65

36

Furthermore, a Zener diode 1s formed between the buried
body diffused layer 617 and the buried drain diffused layer
618 1n the present embodiment. Since a high-voltage surge
from a load or the like 1s absorbed by the Zener diode, a
high-surge-withstand property 1s obtained.

Although the buried body diffused layer 617 and the
buried drain diffused layer 618 are formed after the body
diffused layer 616 1s formed, 1t 1s not necessarily required to
perform the two steps in the foregoing order. The two steps
may be performed at any stage 1n an arbitrary order.

The types and conditions of the manufacturing process 1s
not limited to those described in the eighth to thirteenth
embodiments. It will be appreciated that such processes as
thermal oxidation and CVD or 1on implantation and thermal
diffusion are interchangeable.

We claim:

1. A method of manufacturing a semiconductor device
having at least one DMISFET mounted 1n an active region
of a semiconductor substrate surrounded by an 1solation,
said method comprising:

a first step of forming the 1solation for defining the active
region 1n said semiconductor substrate;

a second step of introducing an 1impurity of first conduc-

fivity type or impurity of second conductivity type into
said active region to form a first impurity diffused layer;

a third step of forming a gate insulating film and a gate
clectrode of the DMISFET on said active region;

a fourth step of implanting 10ns of the impurity of second
conductivity type into said active region by using a
mask member having an opening corresponding to a
portion on the source side of said active region to form
a second 1mpurity diffused layer extending from an area

of said active region underlying said 1solation to an area

of said active region underlying said gate electrode; and
a fifth step of implanting 1ons of the impurity of first
conductivity type into respective portions of the active
region located on both sides of said gate electrode by
using said gate electrode as a mask to form a drain
diffused layer of the DMISFET surrounded by said first
impurity diffused layer and a source diffused layer of
the DMISFET surrounded by said second impurity
diffused layer,
wherein 1n said fourth step, the 1ons of said impurity of
second conductivity type are implanted from at least
one direction 1n a range including a direction tilted
from an axis perpendicular to a surface of said semi-
conductor substrate to the side opposite to the gate
clectrode by additionally using said gate electrode as a
mask to form said second impurity ditfused layer such
that an edge of said second immpurity diffused layer
closer to the source region 1s determined by an edge on
the source side of said gate electrode.
2. A method of manufacturing a semiconductor device
according to claim 1, wherein

in said fourth step, the 1ons of said impurity of second
conductlwty type are 1mplanted from a direction
included in a range 1n which a tilt angle from the axis
perpendicular to the surface of the semiconductor sub-
strate 1s 10° to 45°.
3. A method of manufacturing
according to claim 1, wherein

in said fourth step, the 1ons of said impurity of second
conductivity type are implanted from two directions in
a range including a direction filted toward said gate
clectrode and from a direction tilted at a large angle
from the axis perpendicular to the surface of the

a semiconductor device
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semiconductor substrate to form said second 1mpurity
diffused layer having such a profile that a depth of
penetration 1n said semiconductor substrate 1s larger at
both edge portions than at a central portion 1n an area
of said active region underlying the source diffused
layer.

4. A method of manufacturing a semiconductor device

according to claim 1, wherein

in said fourth step, the 1ons of said impurity of second
conductivity type are implanted from two directions in
a range including a direction filted toward said gate
clectrode and from a direction tilted at a small angle
from the axis perpendicular to the surface of the
semiconductor substrate to form said second 1mpurity
diffused layer having such a profile that a depth of
penetration 1n said semiconductor substrate 1s larger at
a central portion than at both edge portions in an arca
of said active region underlying the source diffused
layer.

5. A method of manufacturing a semiconductor device

according to claim 4, wherein

in said fourth step, the 1ons of said impurity of second
conductivity type are implanted at a tilt angle of 30° or

less from the axis perpendicular to the surface of the
semiconductor substrate.
6. A method of manufacturing a semiconductor device

according to claim 1, wherein

in said fourth step, the 1ons of said impurity of second
conductivity type are implanted only from a direction
tilted to the side opposite to the gate electrode to form
said second impurity diffused layer having such a
proiile that a depth of penetration 1n said semiconductor
substrate 1s larger at a portion closer to said gate
clectrode than at a portion closer to said 1solation 1n an
arca ol said active region underlying the source dif-
fused layer.

7. A method of manufacturing a semiconductor device

according to claim 1, wherein

in said third step, said msulating film and a conductive
film are sequentially deposited and a first resist film 1s
formed on said conductive film to cover a region 1in
which the gate electrode 1s to be formed such that a
portion of said conductive film underlying an opening
of the first resist film 1s selectively removed and

1n said fourth step, a second resist film having an opening
corresponding to a portion on the source side of said
active region 1s formed on said first resist film such that
said first and second resist films are used as said mask
member.

8. A method of manufacturing a semiconductor device

according to claim 1, further comprising,

a step of forming, prior to said fourth step, a protective
film having a function of inhibiting the penetration of
the 10ns of said impurity of second conductivity type.

9. A method of manufacturing a semiconductor device

according to claim 1, wherein

in said third step, said gate electrode 1s formed to have
such a thickness as to permit the 1ons of said impurity
of second conductivity type to penetrate therethrough
in said fourth step and

in said fourth step, the 1mpurity of second conductivity
type 1s implanted to penetrate through said gate elec-
trode and to form said second impurity diffused layer
having such a profile that a depth of penetration 1n said
semiconductor substrate 1s smaller in an area of said
active region underlying said gate electrode.
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10. A method of manufacturing a semiconductor device

according to claim 1, further comprising,

a step of implanting, after said fourth step, the 1ons of said
impurity of second conductivity type into said active
region by using the same mask used 1n said fourth step
to form a third impurity diffused layer containing the
impurity of second conductivity type at a higher con-
centration 1n an area including at least a part at the
depths of said second impurity diffused layer and
located away from a surface of said active region.

11. A method of manufacturing a semiconductor device

according to claim 1, wherein

in said second step, the impurity of second conductivity
type 1s implanted into said active region to form the first
impurity diffused layer functioning as a body diffused
layer of the DMISFET 1n cooperation with said second
impurity diffused layer.

12. A method of manufacturing a semiconductor device

according to claim 1, wherein

in said first step, a second active region surrounded by

said 1solation for forming a first MISFET having a
first-conductivity-type channel structure therein and a
third active region surrounded by said isolation for
forming a second MISFET having a second-
conductivity-type channel structure therein are further
formed on the semiconductor substrate, said method
further comprising

a step of individually implanting, prior to said third step,

impurities for controlling respective thresholds of said
first and second MISFETs 1nto said second and third
active regions, wherein

in said third step, respective gate 1insulating films and gate
clectrodes are also formed on said second and third

active regions, and

™

in said fifth step, source/drain diffused layers of said first
MISFET are additionally formed, said method further
comprising

a step of forming source/drain diffused layers of said
second MISFET.

13. A method of manufacturing a semiconductor device

having at least one DMISFET mounted 1n an active region
of a semiconductor substrate surrounded by an 1solation,
said method comprising:

a first step of forming the 1solation for defining the active
region 1n said semiconductor substrate;

a second step of introducing an 1impurity of first conduc-
tivity type or impurity of second conductivity type into
said active region to form a first impurity diffused layer;

a third step of forming a gate insulating film and a gate
clectrode of the DMISFET on said active region;

a fourth step of implanting the 1ons of the impurity of
second conductivity type 1nto said active region from a
direction at a small tilt angle from a direction perpen-
dicular to a surface of the semiconductor substrate by
using, as a mask, a mask member having an opening
corresponding to a portion on the source side of said
active region and said gate electrode to form a second
impurity diffused layer extending from an area of said
active region underlying said 1solation to an area of said
active region underlying an edge of said gate electrode
in the portion on the source side of said active region;

a fifth step of forming insulator sidewalls on both side
faces of said gate electrode; and

a sixth step of implanting 1ons of the impurity of first
conductivity type into respective portions of the active
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region located on both sides of said gate electrode by
using, as a mask, said gate electrode and the insulator
sidewalls to form a drain diffused layer of the DMIS-
FET surrounded by said first impurity diffused layer
and a source diffused layer of the DMISFET sur-
rounded by said second impurity diffused layer.

14. A method of manufacturing a semiconductor device

according to claim 13, wherein

in said fourth step, the 1ons of said impurity of first
conductivity type are implanted from a direction at a tilt
angle of 30° or less with respect to an axis perpendicu-
lar to the surface of the semiconductor substrate.
15. A method of manufacturing a semiconductor device
according to claim 13, wherein

in said first step, a second active region surrounded by
said 1solation for forming a first MISFET having a

first-conductivity-type channel structure therein and a

third active region surrounded by said isolation for

forming a second MISFET having a second-
conductivity-type channel structure are further formed
on the semiconductor substrate, said method further
comprising

a step of individually implanting, prior to said third step,
impurities for controlling respective thresholds of the
first and second MISFETs into said second and third
active regions, wherein

in said third step, gate insulating films and gate electrodes
are also formed on said second and third active regions,

in said fifth step, insulator sidewalls are formed on both

side faces of respective gate electrodes of said first and
second MISFETs, and

1n said sixth step, source/drain diffused layers of said first
MISFET are also formed, said method further compris-
Ing
a step of forming source/drain diffused layers of said
second MISFET.
16. A method of manufacturing a semiconductor device
according to claim 13, further comprising

a step of implanting, after said third step and prior to said
fifth step, 1ons of the impurity of first conductivity type
at a low concentration into at least one of said second
and third active regions by using said gate electrode as
a mask to form low-concentration source/drain diffused
layers.

17. A method of manufacturing a semiconductor device
having at least one MISFET for high voltage having a
first-conductivity-type channel structure mounted on a semi-
conductor substrate, said method comprising:

a first step of introducing an impurity of second conduc-
fivity type 1nto a part of a region of said semiconductor
substrate in which the MISFET for high voltage 1s to be

formed to form a buried body diffused layer;

a second step of forming an epitaxial layer of first
conductivity type on said semiconductor substrate
formed with said buried body diffused layer;

a third step of diffusing the impurity of second conduc-
tivity type 1n said buried body diffused layer upwardly
into the epitaxial layer to change at least a part on the
lower side of said epitaxial layer into a part of said
buried body diffused layer of second conductivity type;

a fourth step of introducing, 1nto an upper portion of said
epitaxial layer, the impurity of second conductivity
type at a concentration lower than 1n said buried body
diffused layer;

a fifth step of forming a gate insulating film and a gate
clectrode on said epitaxial layer such that an upper
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portion of said buried body diffused layer 1s covered
therewith; and

a sixth step of mtroducing the impurity of first conduc-
tivity type 1nto said buried body diffused layer by using
said gate electrode as a mask to form a source diffused
layer surrounded by said buried body diffused layer.

18. A method of manufacturing a semiconductor device

according to claim 17, wherein

in said fourth step, the diffusion of the impurity of second
conductivity type 1n the buried body diffused layer 1s
performed continuedly from said third step to form the

buried body diffused layer reaching a surface of the
substrate.

19. A method of manufacturing a semiconductor device
according to claim 17, wherein

in said fourth step, after said fifth step, the impurity of
second conductivity type at a concentration lower than
in said buried body diffused layer 1s mtroduced into a
portlon overlying said buried body diffused layer by
using said gate electrode as a mask to form a body
diffused layer at least partially overlapping said buried

body diffused layer.
20. A method of manufacturing a semiconductor device
according to claim 17, further comprising

a step ol introducing, prior to said second step, the
impurity of first conductivity type having a diffusion
rate lower than the diffusion rate of the impurity of
second conductivity type 1n said buried body diffused
layer 1nto a region covering an upper portion of said
buried body diffused layer to form a buried drain
diffused layer, wherein

said third step 1s performed such that the impurity of
second conductivity type 1n said buried body diffused
layer 1s diffused upwardly through said buried drain
diffused layer and that the buried body diffused layer 1s
divided 1nto upper and lower parts by the buried drain
diffused layer.

21. A method of manufacturing a semiconductor device

according to claim 17, wherein

said semiconductor substrate 1s provided with a region 1n

which a first bipolar transistor having an emitter dif-
fused layer of second conductivity type, a base diffused
layer of first conductivity type, and a collector diffused
layer of second conductivity type 1s to be formed and

in said first step, a buried collector diffused layer of said
first bipolar transistor 1s formed simultaneously by
introducing the impurity of second conductivity type
into the region of said semiconductor substrate in
which the first bipolar transistor is to be formed.
22. A method of manufacturing a semiconductor device
according to claim 17, wherein

said semiconductor substrate 1s provided with a region 1n
which a first MISFET having a first-conductivity-type
channel structure 1s to be formed and

in said first step, a buried layer of said first MISFET 1s
formed simultaneously by introducing the impurity of
second conductivity type into the region of said semi-
conductor substrate in which said first MISFET 1s to be
formed.
23. A method of manufacturing a semiconductor device
according to claim 19, wherein

said semiconductor substrate 1s provided with a region 1n
which a second bipolar transistor having an emitter
diffused layer of first conductivity type, a base diffused
layer of second conductivity type, and a collector
diffused layer of first conductivity type 1s to be formed
and
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in the step of forming the buried drain diffused layer of
saidd MISFET for high voltage, a buried collector dif-
fused layer of said second bipolar transistor 1s formed
simultaneously by introducing the impurity of first
conductivity type into the region of said semiconductor
substrate 1n which the second bipolar transistor 1s to be
formed.

24. A method of manufacturing a semiconductor device

according to claim 19, wherein

said semiconductor substrate 1s provided with a region in
which a second MISFET having a second-
conductivity-type channel structure 1s to be formed and

in the step of forming the buried drain diffused layer of
saidd MISFET for high voltage, a buried layer of said
second MISFET 1s formed simultaneously by introduc-
ing the impurity of first conductivity type into the
region of said semiconductor substrate 1n which said
second MISFET 1s to be formed.

25. A method of manufacturing a semiconductor device
having at least one MISFET for high voltage having a
first-conductivity-type channel structure mounted 1n an
active region of a semiconductor substrate, said method
comprising the steps of:

a {irst step of mtroducing an 1impurity of first conductivity
type 1nto said active region to form a drain diffused
layer;

a second step of forming a gate insulating {ilm and a gate
electrode on said semiconductor substrate, after said
second step;
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a third step of implanting 10ns of an 1impurity of second
conductivity type 1mnto a region of said drain diffused
layer located on one side of said gate electrode by using

said gate electrode as a part of a mask to form a body
diffused layer;

a fourth step of implanting 1ons of the impurity of first
conductivity type 1mnto said body diffused layer by using
said gate electrode as a part of a mask to form a source
diffused layer surrounded by said body diffused layer;
and

a fifth step of implanting the 1ons of the impurity of
second conductivity type at a high concentration into a
deep portion of said body diffused layer by using said
gate electrode as a part of a mask to form a buried body

diffused layer at least partially overlapping said body

diffused layer.

26. A method of manufacturing a semiconductor device
according to claim 2§, further comprising

a step of implanting, after said fifth step, the 1ons of the
impurity of first conductivity type at high energy into
an area 1ncluding a lower portion of said buried body
diffused layer to form a buried drain diffused layer
dividing said buried body diffused layer into upper and
lower parts.
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